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MITITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem—
ination to the six regional Curriculum coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The oourse materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either amitted or appro-
val for their use was cbtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.




Military Curriculum
Materials for
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Technical Education

The National Center
Mission Statement
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The National Center for Research in
Vocational Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by:

Information and Field
Services Division
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The Nationai Center for Research
in Vocational Education

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products '

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL

Program Information Office

The National Center for Research in Vocational
Education

The Ohio State University

1960 Kenny Road, Columbus, Ohio 43210

Telephone: 614/486-3655 or Toll Free 800/
848-4815 within the continental U.S.
{except Ohio)




Military
Curriculum Materials
Dissemination ls ...

an activity 1o increase the accessibility of
military-developed curriculum materials to
vocational and technical educaiors.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps ard Navy.

Access 10 military curriculum materials is
provided through a “Joint Memorandum of
Understanding’” between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designated representative to
acquire the materials and conduct the project
activities.

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director

G

What Materials
Are Available?

One hundred twenty courses on microfiche
(thirteen in paper form} and descriptions of
each have been provided 1o the vocational
Curricuium Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Foed Service
Health
Heating & Air
Conditioning
Machine Shop
Management &
Supervision
Meteorology &
Navigation
Photography
Public Service

Agriculture
Aviation
Building &
Construction
Trades
Clerical
Occupations
Communications
Dratting
Electronics
Engine Mechanics

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.

How Can These
Materials Be Obtained?

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency

closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director

100 North First Street
Springfield, IL, 62777
217/7820759

MIDWEST

Robert Patton
Director

1515 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST

Joseph F. Kelly. Ph.D.
Director

225 West State Street
Trenton. NJ 08625
609/292.68562

NORTHWEST
William Daniels
Director

Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State University
Drawer DX

Mississippi State. MS 39762

601/326-2510

WESTERN

Lawrence F. H. Zane. Ph.D.
Director

1776 University Ave.
Honolulu. HI 96822
808/848-7834
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Course Description.

This block is the sixth of a ten-block course providing training in electronic principles, use of basic test equipment, safery practices, Circuit analysis,
soldering, digital techniques, microwave Principles and troubleshooting basic circuits. Prerequisites o this block are Slocks | through V covering
DC circuits, AC circuits, ACL circuits, solid state principles, and solid state power supplies and amplifiers. Block VI—Salid State Wave Generating
and Wave Shaping Circuits contains ning madulss covering 68 hours of instruction cver the principles of oscillations, solid state oscillators,
multipliers, multivibrators, sawtooth generators, trapezoidal generators, limiters and clampers. The madule topics and respective hours follow:

Module 42 Principlas of Oscillations (S hours)

Module 43 Solid State LC Oscillators (8 hours)

Module 44 Solid State RC Oxcillators (S hours}

Module 45 Solid State Fraquency Multipliers {4 hours)
Module 46 Solid State Pulsed and Block Oscillstors (8 hoursh
Module 47 Solid State Multivibretors {12 hours)

Modute 48 Solid State Sawtooth Generators (8 hours)
Module 49 Solid State Trapezoidal Generators {7 hours!
Maodule 50 Solid State Limitars and Clampers {11 hours}

This block contains both teacher and student matarials. Printed instructor materials include @ plan of instruction detailing the units of instruction,
duration of the lessons, criterion abjectives, end the support meterial needed. Student materials consist of a student taxt used for ali the modules;
ning guidance packages containing objectives. assignmants, review exercises and answers for each module ; and two programmed texts an solid s1ate
multivibtators and solid state trapezoidal waveform generators. A digest of modules 42—50 for students who have background in these 1opics and
only nesd 10 review the major points of instruction is also included.

This material is designed for self- or group-paced lastruction to be used with the rémaining nine blocks. Most of the meterials can be adapted far
individualized instruction. Some additional military manuals snd commercially produced texts are recommended for reference. but are r.ot proviced.
Audiovisuals suggested for use with the entire course conslts of 143 videotapes which are not provided.
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DEPART!NT OF THE AIR FORCF PLAN OF 1NSTRUCTION 3AQR300I0-7
USAF Sch of Applied Aerosp Sci (ATC) 6 November 197"
Keesicr Air Farce Base, Mississippi 39534

FOREWORD

1. PURPOSE: This publication is the plan of instruction (PQL) when the
pages shown on pace A are bound into a single document. The POI pres-
cribes the qualitative requirements for Course Number 3AQR30020-1. Flec-
tronic Principles (Modular Self-Paced) in terms of criterion obiectives
and teaching steps preseni.d by modules of instruction and shows duration,
correlation with the training standard, and support materials and
puidance. When separated into modules of instruction, ®t becomes Part I
of the lesson plan. This p0I was develoved under the provisions of

ATCR 50-3, Instructional System Development, and ATCR 52-7, Plans of
Instruction and Lesson Plans.

2, COURSE DESICN/DESCRIPTICN. The instructional design for this course

is Modular Schedulinz and Self-Pacing; however. this POI can also be

used for Croup Pacing. The course trains both non-prior service airmen
personnel and selected re-enlistecs for subsequent entry into the equiprmen:
oriented phase of basic courses supporcing 303XX, 304XX, 307XX, 309XN and
328X ATSCs. Technical Training includes electronic principles, use of
basic test equipment, safet ' practices, circuict analysis, soldering, digizal
techniques, microwave principles. and troubleshooting of basic circuits.
Students assigned to any one course will receive training only in :those
modules needed to complement the training program in the ecuipment phaze.
Related training includes traffic safety, commander's call /briefings and
end of course appointments.

3. TRAINING EQUIPMENT. The number shown in parentheses after rauipment
listed as Training Ecuipment under SUPPORT MATERIALS AND GUIDANCE is the
planned number of students assigned to each equipment unit.

4. REFERENCES. This rlan of instruction is baced on Course Training
Standard KES52-3AQR30020-1, 27 June 1975 and Course Chart 3AQR30020-1,
27 June 1975,

FOR THE COMMANDER
)

__%//

’Qf;-bb—,;"/

. HORNE ,'/801 one ]:Lfﬁ".?\F
Commander

Tech Tng Cp Prov, 3395th

OPR: Tech Tng ¢p Prov, 3395th
DISTRIBUTLOM: Listed on Page A




PLAN GF INSTRUCTION/LESSONM PLAN PART |
T AMU JF rmn THUGTOR COURSE TITLE
Electronic Principles

i I
{ BLOCK NOMUER BLOK TITLE

VI Solid State Wave Generabing and Vave Shaping Circuits

COURSE CONTENT , DURATION
(Hours)

Principles of Oscillations (Module 42)

5
(4/1)

M. Irom a 1list of rtatements, select the statement(s) that
wenerii e{s) the requirements for sustaining oscillations at a
sarticelar frequency. CTS: 5£(1), 5£(2), 5£(3)  Meass W

{1) Amplifier
(a) Commorn Emitter
(b) Common Base
(c) Common Collector
Frequency Determining Device
(a) LC Tank Circuit
(t) RC Circuit
(¢) Crystal
Tegenerstive Feedback
(a) Inductive
;) Canacitive

il

{¢) RC Network

SUPERVISOR APPROVAL OF LESSON PLAN (FART I}

T SIGNATURE D ATE SIGN ATURE

Ab O RLTRWCTION NO. DATE PAGE HO.

ZAGR30020-1 . 20 Novemter 1975 L7

ATC  F9™M 133 ATC Keeler 0-1029 REPL ACES ATC FORMS 337. MAR 73, AND 770, AUG 72, WHICN wiLL BE
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continvation Sheet)

COURSE CONTENT

SUPPURT MATERTALS AND GUIDARCE

Vat
KEP-GP=42, Principles of Oscillations

KEP=ST-VI, Solid State Wave Generating and Wawe Shaping Circuits
KEP-110

Audio Visual Alds

TVK 30-513, Characteristics of Crystals
TVK 20-536, Introduction to LC Oscillators

Tr M
Discussion %h hrs) and/or Programmed Self Instruction

CTT Assignment (1 hr)

Instructional Guidance

Make specific obJective assigmments to be completed during CTIT time in KEP-GP-42.
Stress the three requirements for sustaining oscilletions &t a specific frequency
and el sborate on the methods of satisfying these requirements.

15
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T
§ PLAN OF INSTRUCTION/LESSON PLAN PART |
i'". AME OF (NSTRUCTOR COURSE TITLE _
. Electronic Principles
—  f 9Lock NUMBER BLOCK TITLE
: Vi Solid State Wave Generating snd Wave Shaplng Circuits |
: DURATIDN
!,._I_“_,ﬁ_ CDURSE CONTENT 2 DURATH
i 2. So0lid State LC Oscillators (Module 43) 8
: (6/2)
‘ a., From a schematic diagram of any one of the following (3)
' oescillator circuits, select the components that comprise the feed—
. Dback loop, frequency determining device, forward bias network, and
i irequency adjustmentt Series Hartley; Shunt Hartley; Colpitts;
. Ciepp; Dutler. CTSs 5£(1), 5£(3)  Meass ¥
{ (1) Series Hartley
!
| (a) TIdentify the schematic diagram.
(b) Purpose of each component
(¢) Explain operation to include
!
i} ‘ 1 regenerative feedback path.
T -2_ regenerative feedback amplitude versis
] : location of the tap on the coil.
N -3 frequency determining device.
L twli-r!go
(d) 1Identify phase shift rejuirements for feedback.
(2) Shunt Hartley
(a) Identify the schematic diagram.
(b) Purpose of each component
(¢) Explain operation in terms of
1 regenerative feedback path.
SUPERVISOR APPROVAL OF LESSON PLAN (PART 11}
1 SIGNATURE DATE SIGNATURE DATE
T LN OF INSTRUGTION NO. : DATE PAGE NO.
‘ SAQR30020-1 20 November 1975 49
A fomm 133 ATCKeester6.iz0  REPLACES ATC FORMS 337, MAR 73, AND 770, AUG 72, WHICH WILL BE

APR 7% USED.

ERIC 16




PLAN OF INSTRUCTIOH/LESSON PLAN PART ! (Continuation Sheet)

COURSE TONTENT

-2 frequency determining device.
2 feedback amplitude.
A tuning.
(d) Identify phase shift rejquirements for feedback.
(3) Colpitts
(a) Identify the schematic diagram.
(b) Purpose of each component
(¢) Explain operation in terms of

1 regenerative feedback path.

_2  regenerative feedback amplitude.
2 frequency ‘determining device.
A

tuning.
_5_ reduced effect of transistor interelement capacitance.

(d) Explain that phase shifting is unnecessary for regenerative
feedbacke

(4) Clapp
(a) Identify the schematic diagram.
(b} Purpose of each component
(¢) Explain operation in terms of
1 frequency determining device.
2 tuning.

(d) Explain that phase shifting is unnecessary for regenerative
feedback.

(5) Butler
(a) Identify the schematic diagram.
(b) Purpose of each component 17

(¢) Explain operation in terms of

PLAN OF [NSTRUCTION NO. DATE PAGE HO

JAQR30020=-1 20 Nrvembhar 1078 &N




PLAN OF INSTRUCTION/LESSON PLAN PART ) (Continuction Sheet)

COURSE CONTENT

g

l feedback path.

-2 frequency determining device.
2 Stability .

(d} Explein that phase shifting is unnecessary for regenerative
feedback,

b. Given a list of statements, select the statement(s} which (+5)}
describe(s) the effect of varying the output load on an LC tank
i circuit. CISs 5£(1)})  Meass W
i (1) Explain the meening of load and load resistance,
; (2) Explain the effect of varying load on
i (a) regenerative feedback.
53 (b) eircuit Q.
(¢} bandwidth.
(d) frequency stability.,

¢» Given a list of statements, select the statement(s) which («5)
describe(s) the purpose of a buffer amplifier. CTS: 5£(1) Meass: W.

(1) 1Interaction between the oscillator and load.

; d. Given a trainer, multimeter and oscilloscope, measure (1}
+ Lne change in output amplitude and frequency for a given change

in load at the output of an LC oscillator circuit within + 10

percent accuracy. CTS3 2a, 5f(1}) Meass PC

e. Given a trainer, multimeter and oscilloscope, measure (1}
Lhe change in output amplitude and frequency between a maximum and
minimum load with a buffer amplifier inserted between LC oscillator
output and the load within # 10 percent accuracy. CTS: 2a, 5£(1)
Meast PC

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-43, Solid State LC Oscillators
B P~ST-VI

KEP=-110

o mm L A e — = el e 6T

! Audio Visual Aids
TVK 30-556, Oscillators, TSTR Hartley, Colpitts and EOC

PLAN OF INSTRUCTION NO. DAT

jmmm__l 20 I::lovember 1975

FORM REPLACES ATC FORMS 337A. MAR 73. AND 7704, AUG 72, WHICH WILL BE
-0207
ATC AR 78 133 A ATC Keesler 8-030 USED.
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuction Sheet)

COURSE CONTENT

Training Equipment
Hartley Oseillator and Buffer Amplifler Trainer DD6097 (1)

Oscilloscope (1)
Multimeter (1)
Transistor Circuit Power Supply A649 (1)

Training Metho
Discussion (4 hrs) andfor Programmed Self Instructi:n

Performance (2 hrs }
CTT Assignments (2 hrs)

Multiple Instructor ements
Safety, Equipment, Supervision (2)
. Instructional GCuidance

Assign specific objlectives to be covered during CTT time in KEP-GP-43 and %EP-ST
VI. Emphasize the various components and the funetions they perform in each

of the five oseillator types. Insure that each student ean identify the type of
oscillator by employing this component funetion approach. Analyze the effects

of oscillator loading and show methods of compensation, Introduce the laboratory
exercise and briefly discuse speelal procedures and desired outcomes.

PLAN OF INSTRUCTION NO. Lf?ﬁtswﬂmhnﬂ 1078 l PAGE&O'




PLAN OF INSTRUCTION/LESSON PL AN PART |

NAME OF (iNSTRUCTOR COURSE TITLE

— Electronic Principles

ALOC N NUMBER BLOCK TITLE
Salid State Wave Generating and Wave Shapine Cipcuits

COURSE CONTENT o DURATION

{Houra)

Solid State RC Oscillators (Module 4k}

5
(4/1)

_ a. From a schematic diagram of any one of the following
; oscillators, select the component(s)} that comprise the feedback
: loop(s), frequency determining device, forward bias network, ampli-
i tude adjustment, and the frequency adjustments Phase Shift; Wien
: Dridge. CTS$ 5£(2)  Meass W
(1} Phase Shift
(a) Purpose of each component.
(b} Explain operation in terms of
1 regenerative feedback path.
_2_ regenerative feedback amplitude.
3 frequency determining device.
_Z*__ tlmingo

(¢} Explain the need for a total phase shift of 180
. degrees through the RC network.

: {d} Explain the resulting amplitude changes through
~1ch Pnase shift network.

(2} wien Bridge
(a} Purpose of each component.
(b} Explain operation in terms of

1 regenerative feedback path.

SUPERVISOR APPRUVAL OF LESSON PLAN {PART I}
SIGHATURE DATE SIGH ATURE

© PLAN OF INSTRUCTION NO. DATS P AGE NO.
SAQRI0020-1 202 ¥

REPLA ' N v A
ATC FORM 133 | ATC Keoster 6-1020 g CES ATC FORMS 337. MAR 73, AND ¥70, AUG 72, WHICH WILL BE
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PLAN OF INSTRUCTION/LESSON PLAN P ART | (Continuction Sheet)

COURSE CONTENT

regenerative feedback amplitude.
degenerative feedback path,
degenerative feedback amplitude.
frequency determining device.
tuning.

(¢) Describe the phase shifts that result from the series
and parallel RC networks.

(d) Show the effect of changing both capacitors or resistors
on the operating frequency.

t. Given a trainer and oscilloscope measure and calculate the phase
shift in degrees of each RC network of an RC oscillator within + 10
percent accuracy. CTS: 2a, 5£(2) Meas: PC

(1) Review the use of the oscilloscope.
SUPFORT MATERTIALS AND GUIDANCE

Student Instructional Materials
KEP=GP=4d4, Solid State RC Oscillators

KEP-ST-VI
KEP-110

Audio Visual Aids
TVK 30-517, Wein Bridge Oscillator (Transistorized)

Training Equipment

Phase Shift Oscillator Trainer 5016 (1)
0scilloscope (1)

Multimeter (1)

Transistor Power Supply 4649 (1)

Training Methods
Discussion (3 hrs; and/or Programmed Self Instruction

Performance (1 hr
CTT Assignment (1 hr)

Multiple Instructor Re ements
Safety, Equipment, Supervision (2)

Instructional Guidance

Assign specific objectives to be covered during CIT time in KEPR-GP=il, Use the
same approach with the Phase shift and Wein bridge oscillators as recommended in
module 43 obJective a., Vectorially analyze phase shifting networks.

21
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FLAN OF INSTRUCTION/L ESSON PL AN PART |

NAME OF INSTRUCTOR COURSE TITLE

Electronic Principles

'-el.ocrt HUMBER BLOCK TITLE
Vi Solic State Wave Generating and wWave Shaping Circuits
L COURSE CONTENT DURATION

o (Houre)

L. Solid State Freguency Multipliers (Module 45)

(/1)

a. Given a schematic diagram of a frequency multiplier, (with
component values given)and the input frequency to the frequency
multiplier, determine its output frequency and the factor by which
its input frequency will be multiplied in the output. CISs 5g(3)
Measz W :

(1) Explain operation to include
(a) harmonic generation.
(b) frequency selection.

(¢) buffer action.

SUPERVISOR APPROV AL OF LESSON PLAN (PART II}
SIGHATURE DATE SIGN ATURE
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PLAN OF INSTRUCTION/LESSON PLAN PART ! (Continuation Sheet)

COURSE CONTENT

SUPFORT MATERIALS AND GUIDANCE

Student Instructional Materisls

KE 5y Solid State Frequency Multipliers
KEPR-ST=-VI

KEP-110

Discussion 53 hrs) and/or Prograrmed Self Instruction

CTT Aseigmment (1 hr)

Instructional Guidance

Make specific objeetive sssignmenis to be completed during CIT time. Identify
these objective areas in KEP-GP=45. Introduce this module with a discussion of
harmonic generation. Show how these harmonics are effectively used and peint
out the restrictions.

PLAN OF INSTRUCTION NO,

3AQR30020-1




* /
PLAR OF INSTRUCTION/LESSON PLAN PART |
HAME OF (NSTRUCTOR COURSE TITLE
Electronic Principles
BLOCK NUMBER BLOCK THTLE
Vi Solid State Wave Generating and Wave Shaping Circuits
b COURSE CONTENT DURATION
e {Hours)
i 5. Solid State Pulsed and Blocking Oscillators {(Module 46) 8
; (6/2)
a. Given a collector loaded pulsed oscillator schematic diagram (2)

with an input gate and a group of waveforms, select the cutput.
| CTS: 5g{L) Meass W
: (1) Identify the schematic diagram of a collector-loaded
I pulsed- oscillator.
I
! (2) Esxplain operation in terms of
i (a) flywheel effect.
, (b) gating on and off.
3 (¢) no regenerative feedback.
!
() Relate the factors thal determine the
[}
E (a) time allowed for oscillations.
f {t) frequency of oscillations.
: (4) Explain damping of the output in terms of
1
.‘ (a) Q of the tank circuit.

{(t) 1load on the tank.
. From a schematic diagram of a blocking oscillator, select (1.5)

= component{s) that primarily determine output signal pulse width;
. Lot determine output signal pulse recurrence time; that determine
; transistor cutoff time; that provide forward bias for the transistord
i 0TSt 5¢(2) Meass W
I
! SUPERVISOR APPROVAL OF LESSON PLAN (PART I)
i SIGNATURE DATE $IGN ATURE DaTE
1
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

(1) Explain the start of capacitor discharge.

(2) Show relationahip between the RC time constant and
rest or cutoff time of the transistor.

¢. Given the schematic diagram of a blocking oscillator and
descriptive statements and waveforms, match the waveform to the
statement. CTS: 5g(2) Meass W
(1) Identify the waveforms at the
(a) base.
(b} collector.
(¢) output.
Select the waveform that represents
(a) critical damping.
(v) under damping.
{¢) over damping.
d. Given a schematic diagram of a synchronized blocking oscillator

and a group of waveforms, select the ideal waveform that would be present
in the feedback loop and in the output circuit. ¢TS: 5g(2) Meas: W

i
i . (1) Explain the effect of triggering on PRT, FRF and frequency
stabiiity.

(2) Recognize the importance of sufficient trigger amplitude.

(3) Explain the operation of synchronized blocking oscillatars
as frequency dividers.

i
6. Measurement and Critique (Part 1 of 2 parts)
a. Measurement test
b, Test critique
SUPPORT MATERTALS AND GUIDANCE
Student Instructional Materials

KEP-GP-46, Solid State Pulsed and Blocking Oscillators
KEP=3T-VI

KEP-110 2 5

(1)
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Sheet)

COURSE CONTENT

Training Methods
Diccussion (6 hrs) and/or Programmed Self Instruction
CTT Assignments (2 hrs)

‘ ‘nstructional Guidance

{Makxe CIT assignments in KEP-GP-46, and Student Text VI. In order to effective-
1 cover objective a, it will be necessary to discuss static conditions, input/

i oubput characteristics, and dynamic operation of the pulsed oscillator. The
}remaining objectives deal with blocking oscillators. Stress waveshapeés and how

i they are changed by altering circuit parameters. Inform students that Part 1 of

"the measurement test covers modules 42 through 46.
H

i
i
|
§
i
i

:
1
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAML JF tNSTRUCTOR COURSE TU/TLE

e _.._ _Electronic Pripnciples
BLOCAK NUMBER BLOCK TITLE
VI Solid State Wave Generating and Wave Shaping gﬁm,m

COURSE CONTENT , DURATION
(Houre)

—

Solid State Multivibrators (Module 47)

-7
»

12
(9/3)
. a. Given schematic diagrams of the following solid state (1)

i multivibrators, select the name and primary use of each astable;
cach monostable; each bistable. CTS: 5i(1) Meast W

Rl s ot

(1} Astable
(a) Identify schematic dtagram.

(b) Explain the purpose of each component.

(¢) Trace feedback path.

(d) Explain operation in terms of
1 _ regenerative feedback path.
2 cutoff and saturation.
(e} Given the schematic diagram of an astable
multivicrator, identify the waveform at the base and collector of
: each fansistor.
' (2) Monostable
(a} Identify the schematic diagram.
(t) Explain the purpose of each component.
(¢) Explain operation in terms of
1l stable condition.

2 need for triggers.

SUPERVISOR APPROVAL OF LESSON PLAN {(PART (Y}
SIGHATURE D ATE SIGH ATURE
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuotion Sheet)

COURSE CONTENT

-2 Tregenerative feedback.

(d) Giwven the schematic diagram, identify the transistor
that. is conducting in the stable condition.

(e) Given the schematic diagram, identify the waveform
at the base and collector of each transistor.

(3} Bistable
(a) 1Identify the schematic diagram.
(b} Explain the purpose of each component.
(c) Explain operation in terms of
A two stable conditions.
-2_ need for triggers.
-2 regenerative feedback.

(d) Given a schematic diagram, identify the waveform
at the base and collector of each transistor.

(e) Compare the output frequency to the input trigger
frequencye.

(£} Identify the location of high frequency compensation
capacitors.

(g} Civen a drawing of several cycles of a square or
rectangular wave, identify

l_ rise time.

-2 fall time.

2 pulse width.

L rest time.

-3 _ Pulse Recurrence Frequency.
6 Pulse Recurrence Time.

(h) Given a drawing of a square or rectangular wave,
identify the transient interval.

t. Given the schematic diagram of a multivibrator and a list (245)
of sctatements, select the statement that describes the effects of
| time constants on pulge width, milas resvrenca framuency.

PLAN OF INSTRUCTION NO. DATE Pa NO.
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Shest)

COURSE CONTENT

and pulse recurrence time. CTS: 5i(1) Meass W

¢. Given the schematic diagram of a multivibrator and a list
of statements, select the statement that describes the effects of
triggering on circuit operation. CTSs 5i(1) Meass W

d. Given a trainer with a malfunctioning muliivibrator circuit,
a schematic diagram,multimeter, and 9scilloscope, determine the
faulty component two out of three times. CTSs 5ill Measg FC

e. Given a schematic diagram of a Schmitt trigger and a list
of symptoms, identify the faulty component. CTSs 5i(4) Moags W

(1) Identify the schematic diagram.
(2) Purpose of each compcnent
(3) Explain operation in terms of
(a) input and output waveforms.
(b} regenerative feedback circuit.
(4) TIdentify high frequency compensating capacitor.
SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
KEP-GP-47, Solid State Multivibrators
REP-ST=VI

XiEP=110
KEP=-PT=47, Solid State Multivibrators

Aidio Visual Aids
TVK 30-811, Monostable Multivibrator (Transistorized)

Training Equipment

Sweep Generator Trainer 5932 El;
Transistor Power Supply 4649 (1
Oscilloscope (1)

Multimeter (1)

[raining Methods

Discussion (& hrs) and/or Programmed Self Instruction
Performance (3 hrs)

CTT Assignments (3 hrs)

(1)

(3)

(1.5)
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Sheet)

COURSE CONTENT

-

Safety, Equipment, Supervision (2)

Instructiong] Guldance
Make specific objectives assigmments to be completed during CTT time in KEPGR=L7,

The programmed text should be recommended to students who experience difficulty

in this module. Each type of multivibrator iz analyzed in terms of component
componition, circuit variablee and output waveshapes. Due to the inherent simifar-
ities of these multivibrators, it is important to maintain correct circuit to
characteristics association. In order to facilitate troubleshoot
tivibrators, recall the collector voltage levels at saturation (near OV) and
eutoff (V..)e Introduce the laboratory exsrcise, and briefly discuss the procedures
prior to Qgsigning students to the trainers.

30
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PLAN OF INSTRUCTION/LESSON PLAN PART 1

NAME OF (NSTRUCTOR COURSE TITLE

| Electronic Principles

BLOCK NUMBER BLOCK TITLE

I Solid st ircuits

COURSE CONTENT

2 DURATION

(Houra)

€. Solid State Sawtooth Generators {(Module 48)

a. Given the schematic diagram of a sawtooth generator and a
list of statements, select the statement that describes the effects
on output linearity when time constants, applied voltage, and input
gate duration are changed. CTSs 35b(2), 5i(2 Meas: W

(1) unijunction Sawtooth Generator
(a} Identify the schematic diagram.
(b) Purpose of each component
(¢} Explain operation in terms of

1 on—off switcha

_2 10% charge of capacitora

(d) Given a schematic diagram, identify the capacitor?g
charge path and discharge path.

(e} Given a schematic diagram, identify the waveforms
at the emitter and base onea

(f} Relate electrical length of sawtooth waveform to
time.

(g} Relate physical length of sawtooth waveform to
amplitude.

(h} Relate frequency stability t¢ input triggers.

(1) Explain why input triggers can be applied to the
emitter circuit or base two circvit.

8
(6/2)
(345)

SUPERVISOR APPROVAL OF LESSON PLAN (FART 1)

SIGHATURE DATE SIGHATURE
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuction Sheet)

COURSE CONTENT

(J) Explain the effects of triggers on linearity.
(k) Relate linearity to emitter source voltage.
(2) Transistor Sawtooth Generator
(a) Idertdfy the schematic diagram.
(b} Purpose of each component
(¢} Explain operation in terms of
-1 gating on and off.

_2_ 10% charge of capacitor.

(d}) Relate rise time to the duration of the input gate.
1)} Relate sawtooth linearity to R and C.

L. Given a trainer having a semiconductor sawtooth generator circuit, (1}
multimeter, and oscilloscope, measure the output amplitude and rise time
within + 10 percent acciracy. CTSs 5i(2)  Meass FC

(1) Review the use of the oscilloscope and multimeter.

¢y Given 2 trainer with a melfunctioning sawtooth generator circuit,
a schematic diagram, multimeter, and oscilloscope, determine the faulty
component two out of three times. CTS: 5i(2) Meas: FC

SUFPORT MATERIALS AND GUIDANCE

Student Tnstructional Materials
KEP-GP-/8, Solid State Sawtooth Generators
KEP~ST-VI

KEP-110

Audio Visual Aids .
TVK 30-8l7, Unijunction Sawtooth Generator

Traini nt,

Sweep Generator Trainer 5932 (1)
Oscilloscope (1)

Multimeter (1)

Transistor Power Supply 4649 (1)

Training Methods

Discussion (3.5 hrs) and/or Programmed Self Instruction
Performance (2.5 hrs)

CTT Assignments (2 hrs) 32
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PLAN OF INSTRUCTION/L.ESSON PLAN PART | (Continuction Sheet)

COURSE CONTENT

Muliiple Instructor Re
Safety, Equipment, Supervision 52)

Instructional Cuidance

Give students specific objectives to cover during CTT time in KEP-GP-48. Analyze
a sawtooth waveshape from the standpoint of amplitude, duration and linearity.
Show the relationship of these wave characteristics to the various components
and overall operation of the sawtooth generator circuit. Introduce the two
laboratory exercises. Stress safety, adherence to instructions, and logical
troubleshooting techniques.
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF (NSTRUCTOR COURSE TITLE

Flectronic Principles

BLOCK NUMBE R BLOCK TITLE

VI Solid State Wave Generating and Wave Shaping Circuits

COURSE CONTENT

DURATION
(Hours)

9. Solid State Trapezoidal Generators {(Module 49)

a. Given the schematic diagram of a trapezoidal wave genevator
and a list of datements, select the statement that describes the
effects on output linearity when time constants, applied voltage,
and input gate duration are changeda. CTSs 5i(3}  Meass W

(1) Identify the schematic diagram.

(2) Purpose of each component

(3) Given a trapezoidal waveform, identify the
(a) Jump voltage.
() slope (rise time} voltage.
(¢) fall time voltage.

(L) Describe the effects on linearity and jump voltage
when resistor values are changeda

b. Given a trainer having a semiconductor trapezoidal wave
generator circuit, multimeter, and oscilloscope, measure the output
amplitude, rise time, and jump voltage within +10 percent accuracy.
cTs s 5i(?)  Meass PC

¢. Given a trainer with a malfunctioning trapezoidal wave
renerator circuit, a schematic diagram, multimeter, and oscilloscope
determine the faulty component two out of three times. CTS: 5i(3)
Meas: PC

7
(5/2)

SUPERVISOK APPROVAL OF LESSON PLAN (PART IN)
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PLAN OF INSTRUCTION/LESSON PLAN PART | {Continvation Sheet)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-G ¢ Salid State Trapezolidal Gererators

KEP-ST=-VI
KEP-110
KEP~PT~-49, Solid State Trapezoldsl Generators

Iraining Equipmert

Sweep Cenerator Trainer 5932 (1)
Oscilloscope (1)

Transistor Power Supply 4649 (1)
Multimeter (1)

Training Methods

Discussion Uk hrs; and/or Programmed Self Instruction
Performance (1 br

CTT Assignments (2 hre)

Multiple Tnstructor Requirements
Safety, Equipment, Supervision {(2)

lostructiongl Culdance

Aseign specific objectives to be covered during CIT time in KEP-GP-49. Recall the
waveform analysils discussed in module 48, and show how it is related to the
trapezoidal wave. Analyze the circuit operation and discuss the effects that

certaln components have on the cutput. Introduce and briefly discuse the two
laboratory exercises to be performed.

35
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PLAN OF INSTRUCTION/LESSON PLAN PART |

NAME OF INSTRUCTOR COURSE TITLE

Electropic Principles
BLOCK NUMBER BLOCK TITLE
Vi Solid State Wave Generating and Wave Shaping GCircuits

COURSE CONTENT 2 DURATION
(Hours)

10. Solid State Limiters and Clampers {Module 50) 1
(9/2)
a. Given the input waveform to the following solid state diode (2}
limiters and a group of output waveforms, select the waveform that
would be present at the output of the named diode limiters: Series
positive; Series negative; Shunt negative with biasj Shunt positive
with bias, CTSs Ze Meass W
(1) Purpose of a limiter
(2) Series positive
(a) Identify the schematic diagram,
(b} Explain operation in terms of a voltage divider.

(¢} Given an input signal and schematic diagram,
identify the output waveform.

(3} Series negative

(a) Identify the schematic diagram.

() Explain operation in terms of a voltage divider.

(¢) Given an input signal and schematic diagram,
identify the output waveform,

(4) Shunt limiters {positive and negative)
{a) Identify the schematic diagram.
(b} Explain operation in terms of a voltage divider.

(¢) Given an input signal and a schematic diagram,
identify the output waveform.

SUPERVISOR APPROVAL OF LESSON PLAN {PART 1)
SIGHATURE DATE SIGH ATURE
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PLAN OF INSTRUCTION/LESSON PLAN PART i (Continuotion Sheet)
COURSE CONTENT
(5) Biased Shunt limiters (positive and negative)
(a) Identify the schematic diagram.
(b) Explain operation in terms of a voltage divider.
(¢} Given an input signal amplitude, the schematic diagram,
and the amount and polarity of bias, identify the output signal.
(d) 1Identify the schematic diagram of a double diode limiter.
b. Given schematic diagrams of biased diode shunt limjiters and a (1)
list of statements, select the statement that describes the effect
on limiting when bias is changed. CTSs 5e Meass W
¢. Given the input waveform to a zener diode limiter, a specified (1)
breakdown voltage, and a group of output waveforms, select the wave—
form that would be present at the output. CTSs 5b(7), 5¢  Meast W
(1) Explain the relationship between breakdown voltage and
limiting.
de. Given the schematic diagram of a transistor limjiter and & (2)
list of statements, select the statement that describes the effect
on limiting when blas is changed. CTSs 5e Meas: W
(1) Explain operation in terms of
(a) operating point.
(b) dinput amplitude.
(¢) saturation and/or cutoff.
(2) Relate collector voltage levels to saturation and
cutoff limiting.
e. Given the input waveform to the following solid state diode (L.5)] °

clampers and a8 group of output waveforms, select the waveform that
would be present at the output of the named diode clampers Negative
with bias; Positive with bias. CTSs Se Meas: W
(1) HNegative with bias and positive with bias
(a) Purpose of clamper
(b) Identify the schematic diagram.

(¢) Explain operation in terms of
.1 input and output signal references.

2 time constants.
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continvation Sheer)

COURSE CONTENT

f+ Given a tralner having components for a diode limiter,
connect the components as a series positive and/or negative
limiter. CTSt Se Meass PC

g+ Given a trainer having components for a diode limiter, an.
oscilloscope and a multimeter, comnect the components as a shunt
limiter with bias and determine the effects of limiting when bias
is chanpged., CTSt 5e Meass PC

|
he Given a trainer having components for a diode c¢lamper,
an oscilloscope and a multimeter, comnect the components as a
negative or positive clamper with bias and determine the effects
on the voltage reference of the clamper output when bias is
changed. CTS: %e Meass PC

11. Related Training (identified in course chart)
12. Measurement and Critique (Part 2 of 2 parts)
a. Measurement %test
c. Test critique

SUPPORT MATERIALS AND GUIDANCE

student Instructiopal Materials
KEP-GP-50, Solid State Limiters and Clampers

KEP-ST=V1
KEP-110

Audio Visual Aids
TVK 30-504, Triode Limiters
TVK 20-505, Duo-Diode Limiter (TSTR)

Trainine ¥ouipment

Limiters and Clampers Trainer 5925 (1)
Oscilloscope (1.}

Multimeter (1)

Training Methods
Diccussion (7.5 hrs) and/or Programmed Self Instruction
Performance (1.5 hrs)

CTT Assignments (2 hrs)

Multiple Instructor Reguirements
Safety, Equipment, Supervision (2)

(.5)

(.5)

(+5)
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continvation Sheet)

COURSE CONTENT

Instructional Guidance

Make specific objective assignments to be complcted during CIT time in KEP-GP-=50.
Discuss the basic principles and functions of limiting circuits. Insure that
each student can identify the type of limiter, bias consideration and its effect
on the input waveshape. Use the same approach for clamping circuits. Have the
class briefly scan through the laboratory exercisesy discuss any special
techniques and assign students to lab positions. Inform students that Part 2

of the measurement test covers modules 47 through 50.

39
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Chapter 1

PRINCIPLES OF WAVE GENERATION

1-1. Wave generators play a prominent raole
in the field of electronics. They generate
signals from a few hertz to several giga-
hertz {10%). Modern wave generatorsuse many
different circuits capable of generating such
outputs as sinusiodal, square, rectangular,
sawtooth, or trapezoidal waveshapes.

1-2. One type of wave generator is called an
oscillator. An oscillator is generally free-
running and can be regarded as an amplifier
which provides its own signal input. The study
of oscillators, therefore, naturally follows a
study of amplifiers. In this chapter, we
classify oscillators as to waveshape and
establish requiremnents for eontinuous osecil-
lation. The most common types of wave
generators and their output waveforms are
discussed.

1-3. Classification

1-4. Wave generators can be classified,
according to their output waveshapes, into
two broad rategories: sinusoidal and non-
sinusoidal oseillators.

1-5. A sinusoidal oscillator produces a sine-
wave output signal. Ideally, the ocutput is a
pure sine wave of constant peak amplitude with
no variatieninfrequency. Actually, something
less than this is obtainable. The degree to
which the ideal is approached depends upon
such related factors as class of operation,
transistor characteristics, frequency sta-
hility, and amplitude stability.

1-6. Sine wavegenerators canproduce signals
ranging from a low audio frequency to very
high radio and microwave frequencies. Many
low=-frequency types use resistorsandcapaci-
tors to form their frequency determining net-
work and are, therefore, referred to as RC
oscillators. They find wide application in the
aundio-frequency range.

1-7. Ancther type of sine wave génerator
uses inductors and capacitors for frequency
determining networks; these are the LC type
oscillators. Oscillators using tank circuits

(LC types) are commonly used at radio
frequencies; they are not popular for
extremely low-frequency generation, because
the inductors and capacitors become large,
heavy, and costly.

1=8. A third type sinusiodal oscillator is the
crystal-controlled oscillator. The crystal-
controlied oscillator provides excellent fre-
quency stability, and is uged from the middle
of the audio through the radio-frequency

range.

1-9. Nonsinusiodal oscillators generate com-
plex waveforms such as square, rectangular,
trigger, or sawtooth. Because their outputs
are generally characterized by a sudden
change, or relaxation, the name ‘‘relaxation
oscillator’’ isoftenappliedto them. The signal
frequency of these oscillators is usually gov-
erned by the charge and discharge of a
capacitor in series with a resistor. Some
types, however, contain inductors that affect
the output frequency. Thus, like sinusoidal
oscillators, both RC and LC arrangements
are used for frequency determination. Within
this category are multivibrators, biocking and
pulsed oscillators, and sawtooth and
trapezoidal generators.

1-10. A triggered or gated signal generator
is essentially one of the sinusoidal or non-
sinusnidal types which is blased so that it
generates a signal only when a trigger or
gate is applied from an external source.

1-11. Requirements

1-12. Now, we will discuss briefly the con-
ditions reguired for oscillations and some
desirable performance characteristics. What
characteristics are most important 7ZHow can
these characteristies be improved? Why
choose one type over another for a parti-
cular job? We needto considerthese questions
before starting into the oscillator eircuitry.
The basic requirements for sustained oscil-
| Yio1zare AMPLIFICATION, FEiiDBACK,and
a2 FREQUENCY DETERMINING DEVICE,




REGFMERATIVE REEDRACK

amPLIFICATION -
MTPUT
MORAL

Figure 1-1. Basic Oscillator Block Diagram

1-13. An oscillator can be thought of as an
amplifier that provides jtself with a signal
input. By definition, an oscillator 19 a device
that converts DC power to AC power at a
predetermined freqgency. The primary pure
pose of an oscillator, then, ia to generate
a given waveform at a coastant peak ampli-
tude and specific frequency and to maintain
this waveform within certain limits.

1-14. Like an amplifier, an oscillator needs
a power source for amplification, Since
amplification of signal power occurs from
input to output, it follows that a portion of
the output can be fed back for use as the
input, as shown in figure 1-1. Adequate
power must be fed back to the input ¢lrcuit
for the oscillator to drive itself and be a
signal generator. Not only must the feedback
signal be strong enough but, to be self-
driven, the feedback signal must he regener-
ative. With a regenerative signal, which has
enough power to overcome the circuitlosses,
oscillations can be sustajned.

1~15. A practical signal generator must
oscillate at a predetermined frequency, so a
frequency determining network is required.
This 18 a form of filter which passes only
the desired signal. With no frequency-deter-
mining network or device, the stage will
oscillate in a random manner and the output
frequency cannot be predicted.

1-16. From what bas been sald, we can
review the requirements for an oscillator:
tirst, amplification ts required toprovide the
necessary gain for the signal; amplification
implies a power source. Second, sufficient
regenerative feedhack i required t0o main-
tain a predetermined frequency.

1-17. Depending wupon the appiication,
requirements in addition to the basic cnes
may determine the type of oscillator chosen
for use. Modification of associated ¢ircultry
may be necessary toachieve the performance
required. Let's consider some factors that

account for the complexity and diversity of
cacillators.

1-18. Virtually every piece of equipment
that uses an oscillator has two stability
requirements: amplitude stabllity and fre-
quency stabllity. Amplitude stability refers
to the abllity of the oscillator to maintain a
constant amplitude output waveform. Theless
deviation from a predetermined amplitude,
the better the amplitude stability. Frequency
stability refers to the ability of the oscil-
lator to maintain its operating frequency.
The less the oscillator drifts from its oper-
ating {requency, the better the frequency
stability. The degree to which these require-
ments must be met depends on the demands
of the equipment.

1-19. To achieve a censtant frequency and
amplitude, extreme care must be taken to
prevent variationsa in load, bias, and com-
ponent characteristicas. Load variations can
have a marked effect on the satability of an
oscillator’s output. It is necessary, there-
fore, to minimize load changes.

1-20. Bias variations affect the operating
point; this will alter the amplification and
other circuit constants. A well~-regulated
power Supply and bias stabilizing circuitry
are required to insure a constant, uniform
signal output.

1-21, Signal frregularities canalsobe caused
by componenta which change invatue or char-
acteristics, as a result of environmental
conditions.

1-22, Output power is another regquirement
that is dictated by the application. Generally
speaking, high power is obtained at some
sacrifice in stability. When both require-
ments are to be met, a low-power, stable
oscillator can be followed by a high power
‘uffer’” amplifier. The buffer provides
fsolation to prevent changes in load from
affecting the oscillator.

1-23.  the oscillator stage must develop
high output power, efficiency becomes im-
portant, Many oscillators are operatedClass
C to 1increase efficiency. Some types of
oscillators cannot be operated Class C,
Therefore, not a!l cscillators are suited for
applications that require high power.




1-24. The frequency of the wanted signal also
imposes certain requirements. If the fre-
quency 18 high, a transistor must be gelected
that haslowinterelement capacitance. Special
circuits make use of the interelement capaci-
tances to obtain the desiredfrequency output.

1-25. Sine Wave Generators

1-26, We mentioned that RC networks, LC
tanks, and crystals may appear in sine wave
oscillator circuits. An ordinary amplifier
can be made into a sine wave oscillator
by providing regenerative feedback through
an RC network. Figure 1-2A shows anampli~
fier with an RC network which provides both
the regenerative feedback and the frequency
determining device. Figure 1-2B shows a
vector analysis of the signal at variouspoints
in the circuit.

1-27. Assume that the amplifierisa common
emitter configuration, so the signal on the
collector {A) is 180° out of phase with the
signal on the base (D). To have regenerative
feedback, the RC network must provide a
180° phase shift of the collector signal. When
power is applied to the circuit, a noise volt-
age (noise contains many different frequen~
cies) will appear on the collector. Vector A
(figure 1-2B) represents the oscillator signal
on the collector. As the signal couples through
Cl and across Rl, a phase shi® occurs, The
voltage across Rl (Em ), representedby vector

7494959
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Figure 1-2. Vector Diagram of RC Oscillator
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B, has been shifted in phase (about 60°) and
reduced in amplitude. The signal at point B
is then coupled to the next RC section (R2
and C2), By using the same size resistorand
capacitor as befors, another phase shift takea
place. The signal at point C is the voltage
across R2, represented by vector C. Nowthe
signal at point C has been shifted about 120°
and its amplitude 18 reduced stll tfurther. The
same actons occur for the last section {R3
and C3). This signal experiences another
phase shift, with further amplitude reduction.
The signal at point D (Egg) has been shifted
180° and is represented by vector D, You can
see that a high gain amplifier must be used
to provide adeguate feedback power.

1-28. Notice that point D 1is the input to the
base of the common emitter amplifier. Also,
vector D shows that the signal on the base
is regenerative or aiding the ¢ircult oper-
ation, This 18 the regenerative feedback
requirement. The 180° phase shift occurs
only at one frequency. Exactly 60° ghift per
stage is not required, but the sum of the
three phase shifts MUST equal 180°

1=29. For a given RC network, only ONE fre~
quency will be shifted exactly 180° In other
words, the network 18 {requency selective.
You can appreciate this if you consider the
fact that the lengths of vectors and their
phase relatiouships depend on frequency

(XC = —2—,!r71.m). Therefore, the RC network

is the frequency-determining device, since
this vector construction is true for a single
sine-wave signal. The frequency of oscil-
lations is governedby the valuesof esistance
and capacitance in these sections. Vapiahle
resistors and Capacitors may be usged to
provide tuning in the feedback network. For
a sine wave output, the amplifier is bjased
for Class A operation,

1-30. Some sine wave generators use rego-
nant circuits (LC). You already know how
a resonant circuit stores energy alternately
in the inductor and capacitor; this produces
an output which is a zine wave, You studied
this action, known as tie “‘fly~wheel effect,”
in parallel resonant gircuits.




Figure 1-3, Flywheel Effect

1-31. Refer to figure 1-3, 1 through ¢, and
follow explanation to review the flywheel
effect, Each numbered section has a circuit,
and the resulting waveform represents the
flywheel action.

1-32, With the switch in position A, figure
1-3=-1, the capacitor charges quickly to the
voltage of the battery. "When the switch is
placed in position B, the charged capacitor
(which acts as a voltage source) begins %o
discharge through the inductance (which acts
as a load). The current flows through the
coil (as the capacitor discharges) and builds
up a magnetic field around the coil, figure
1-3=-2, In this way, the energy stored in the
dielectric is converted into energy stored
in the magnetic field., The arrows indicate
the direction of electron flow and the motion
of the magnetic field. When the number of
electrons on both plates of the capacitor is
equal, the capacitor is discharged. It is no
longer a voltage source for current flow,
figure 1-3-1., The broken lines tracing
through the waveform represent the devel-
opment of the oscillation.

1-33. Wuen the cupacitor is discharged, there
is no force to maintain current flow and
sustain the magnet.c fiela. So, the magnétic

field collapses, inducing a voltage which
causes current to continue flowing in the
same direction, charging the capacitor with
the polarity shown, figure 1-3-4. Current
continues until the magnetic field is com-
pletely collapsed and the capacitor is charged,
figure 1-3-5. The output voltage of the tank
circuit has a polarity which is now positive.

1-34. The capacitor begins to discharge
again through the coil, figure 1-3-6, This
time, however, the direction of the current
flow 18 reversed, as indicated by the arrow.
Again, the magnetic field expands as the
capacitor discharges, decreasing the output
voltage., This continues until the capacitor
discharges, figure 1-3-7, At that instant,
the magnetic field starts to collapse causing
current to continue to flow inthe samedirec-
tion, charging the capacitor as shown in
figure 1-3-8, When the capacitor is charged,
the conditions in the tank circuit have returned
to those that existed at the instant the
switch was placed in position B. The entire
process continues at a rate determinedby the
values of L and ¢, The output waveshape,
figure 1-3-9, taken across the tank circuit
is a sine wave which occurs as the inductor
and the capacitor alternately store and
release energy in their respective fields.

1-35. If there were no internal resistances
in a tank circuit, oscillations would continue
indefinitely (figure 1-4A). Each resonant
circuit, however, contains some resistance
which dissipates power. This power loss
cavses the amplitude to decrease as shown
in figure 1-4 (B & C). The reduction of
oscillation amplitude in an oscillator circuit
is defined as ‘‘damping’’, Damping is caused
by tank and lgpad resistances. The larger the
tank resistance, the greater the amount of
damping. Loading the tank causes the same
effect as increasing the task’s internal
resistance. The effect of tank damping in
oscillators is overcome by applying regen=
erative feedback.

1-36. Figure 1-5 shows a block diagram for
a typical 1.C oscillator. Ohbserve the basic
requiremants for sustained oscillations:
ampiiiication, frequency determining device
and regenerative feedback.
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1-37. The amplifier supplies energy to begin
the flywheel effect; the LC network provides
initial osciliations, with its ouipui returned
to the amplifier through the regenerative
feedback network to sustain oscillations,
If the tank circuit has a high @, the ampli-
fier can be operated Class C. The LC com=
ponents generate an output waveform that
vartes at a sinusoidal rate.

1-38. When a tank circuit 18 used to develop
oscillations, the output frequency of the oscil«
lator is primarily the resonant frequency of
the tank circuit, and can be found by the

1
formula: fo = m . This formula is

K
emining
v

Regenerative o Output
Feeadback Signal

Figure 1-5. LC Oscillator Block Diagram

valid for tank circuits, used in oscillators,
which have a @ greater than 10,

1-39. Another frequency determining device
{FDD) is the crystal. The crystal may be
used with a tank circuit, or it may perform
alone.

1-40. Crystals exhibit @ characteristic
known as the ‘‘plezoelectric effect.’”” The
plezoelectric effect is the property of a
crystal by which mechanical forces produce
electrical charges, and conversely; elec-
trical charges produce mechanical forces.
This is a form of oscillation, like the fliy-
wheel effect of a tank circuit.

1-41. The piezoelectric effect is exhihited
by a number of crystal substances., The
most important of these is quartz. Although
quartz exhibits the piezoelectric effect to a
lesser degree than Rochelle Salt, quartz is
used for frequency control in oscillators
because of {ts greater mechanical strength.
Tourmaline is similar to quartz as it has
high strength but it is more expensive. In
this discussion, we will deal only with the
quartz crystal.

1-42, The crystals usedinoscillator circuits
are thin sheets or wafers cut from natural
or aynthetic erystal and ground to a specific
thickness to obtain the desired resonant
frequency.
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Figure 1-8. Crystal Holder

1-43, Crystals are mounted in holders, which
support them physically =2nd provide
electrodes by which voltage is applied. The
holder must allow the crystal freedom for
vibration. There are many different types of
holders., One type is shown in figure 1«6,

1-44, The frequency for which a crystal ig
ground is called the ‘‘natural resonant fre~
quency’’ of the crystal, Voltage applied to
the crystal produces mechanical vibrations
which, 1n turn, produce a terminal voltage
of the crystal’s resonant frequency, The elec-
trical circuit assoclated with a vibrating
crystal can be represented by an equivalent
clrcult composed of capacltance, inductance,
and resistance,

1-45, Figure 1-7A illustrates thesymboloefa
crystal. Figure 1-«7B shows an equivalent
circuit for the crystal, and figure 1-7C

ELECTRODLS

CRYSTAL

‘shows an equivalent circuit for the crystal,

and the holder, Cl represents the capaci-
tance hetween the metal plates of the holder.

1«46, Electrical circuits involving crystals
can be analyzed by replacing the crystal
wlith 1ts equivalent network and then deter-
mining the behavior of the resulting cir~
cuit, This does NOT mean, however, that
a coil and a capacitor can be substituted
for the crystal to give the same electrical
characteristics,

1-47. The Q of a crystal ls many times
greater than that of an LC tank clrcult, The
high Q is present because the resistance
In the crystal is extremely small,
Commercially-produced crystals range in
Q from 5,000 to 30,000 indicating the reac-
tance 1s five thousand to thirty thousand times
the resistartice, The high Q causes the

LCZ
-}
1
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Figure 1-7. Crystal Ssymbols and Equivalent Circuits
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Figure 1-8. Square Waves

resonant circuit frequency stability to be
much greater than that of an ordinary LC
tank circuit. This is an important reason
why a crystal is used in many sine wave
generator circuits.

1-48. Square and Rectangular Wave
Geuerators.

1-49. Nonsinusoidal wave generators
{square, rectangular, sawtooth, and trape-
20idal) use the principle of an on-off switch.
As illustrated in figure 1-8, a square wave
¢an be produced by connecting a resistance
to a voltage source through a switch.

1-50. With the switch open, there is zero
volts ac¢ross R1l. When the switch is ¢losed,
the voltage of the batterv is applied across
the resistor. If the switch is opened and
closed for equal lengths of time, the output
voltage will be a series of square waves.
1f the lengths of time are unequal the output
will be a rectangular wave; see figure 1-9.
The square or rectangular wave repre-
sents the two extremes to be reached. The
switch allows current to flow easily for one
time period; then it prevents current from
flowing during the other time period.

+10V —[—-—
oy

ul

Rectangular Waves

+10V J
ov

Figure 1-8,

1-51, The square wave contains a funda-
me-ntal frequency and an infinite number of
odd harmonics which have specific ampli-
tude and phase relationships. The rectangu-
lar wave coutains a fundamental and specific
harmonically-related frequencies, deter-
mined by the time of each alternation.

1-52. Since nonsinusoidal waves contain
many f{requencies, the circuit generating
these waves must have wide-band char-
acteristics. That is, the frequency response
of the generator and its associated circuitry
must be sufficient to pass all the frequencies
of the waveform without distortion.

1-53. Because a fundamental and harmonics
are to be generated, there must be a non-
linear device. The nonlinear device is a
transistor operated in the saturation and
cutoff regions. Further, to sustain the ¢ircuit
operation, regenerative feedback is required
with amplitude large enough to sustain
oscillations.

1-59. The frequency-determining device will
be internal to the circuit ifitisfree-running,
or external if a trigg€er or pulsSe i8 used to
control frequency. Internal fregueacy control
commoniy uses time constant arrangements.

1-55. A basic block diagram of a square or
rectangular wave generatoris shown infigure
1-10. The block diagram is like that of a sine
wave - generator. The operation differs
because of the amplitude of feedback. With
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Figure 1-10. Square or Rectangular Wave
Generator
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Figure 1-11. Nonsinusoidal Wave Generator
Switching Method

PNP common base configuration amplifiers,
as the output goes positive, a large regen-
erative feedback signal drives the amplifier
into cutoff. The circuit stays in this con-
dition until C charges to the output voltage.
Then, the circuit reverts to the opposite
condition, saturation. The RC network con-
trols the time that the circuit 18 cut off.
The output waveform 18 square if the time
for cutoff and saturation is the same. The
output wave 18 rectangular if the cutoff and
saturation times are unequal,

1-58. One primary consideration of asquare
or rectangular wave Eenerator 18 the
switching action. Figure 1~11 illustrates a
transistor load line and the two extremes
of the circuit, cutoff and saturation. For
switching actlon to occur, the transistor
must go from cutoff to saturation (or vice
versa) in a minimum amount of time. If the
transistor could €o from one extreme to the
other in zero time, the sides of the wave
would be exactly perpendicular to areference
line; one requirement for a perfect square or
rectangular wave. This is not possible. The
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clogser the transistor circuit approaches
this condition, the hetter the waveshape.

1-57. Another nonsinusoidal wave 18 called
a ‘‘gawtooth’’ waveform, figure 1-12. A
sawtooth wave can be described as a linear
increase in voltage with respect to time
(TO to Tl1) and a rapid decay of voltage
({T1 to T2).

1-58, Possibly the best way to illustrate
the need for a sawtooth wave i3 in an oscil-
loscope. The horizontal deflection of the
beam 1s directly related to the voltage
applied to the horizontal deflection plates.
Therefore, to obtain a linear display on
the oscilloscope, a linear voltage must be
applied to the deflection plates.

1-59. The Eeneration of a sawtocoth wuve
usez on-off switching action, plus a char-
acteristic of a capacitor. To illustrate the
capacitor characteristic, refer to figure
1-13. Review the Universal Time Constant
Chart which shows the relationship between
the percentage of full charge and the time
for charge. Sawtooth wave generators use
the first 10 percent of full charge of a
capacitor (lower left~hand corner of the
chart). This first 10 percent of charge
occurs in one~tenth of one time constant
and gives the greatest amplitude change in
the given time period. For example, during
the second tenth of 2 time constant {between
one-tenth and two-tenths TC), the amplitude
change is 8 percent. As we progress further
along the curve, the amplitude change
becomes less for each time increment.

?

Figure 1-12. Sawtooth Waves
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OLTAGE 1-60. Since a sawtooth wave geénerator nor-
souRcE mally uses only the first 10 percent of the
capacitor's charge, when the wave reaches

2 the 10 percent point the voltage i2 returned
1.~ to zero. Refer to the simplified circuit shown

- o D et vl in figure 1-14, With 81 closed, the capacitor

QUTPLIT

l senaL is shorted out, and output voltage is zero.

. I“ When S§1 is opened, C starts charging through

Ll R toward the applied voltage. Since the output

B is taken across the capacitor, the voltage

rises from zZero volts as the capacitor

Figure 1-14. Sawtooth Generator Equivalent charges. As soon as the capacitor has charged

Circuit to 10 percent of the voltage applied, S1 is

closed. The capacitor immediaiely dis-

charges, and the output voltage returns to

Square  or zero. Then the switch opens again, and the
Wectangular Weve ;.06 repeats.

1-61. Most circuits use a transistor as the
switch. When the transistor is biased near
saturation, the voltage across the capacitor
is nearly zero. When an applied gate cuts off
the transistor, the capacitor starts charging
toward V... After 10 percent of the charge,
the gate ends; this places forward biasonthe
transistor so the capacitor discharges,
causing the voltage across the capacitor to
drop rapidly toward zero.

Sawtooth Wava

l Trapezoiaal Wave

1-62. A ‘‘trapezoidal’’ wave looks like
a sawtooth wave on top of a square
Figure 1-15, Trapezoidal "Wave or rectangular wave (figure 1-15).
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Figure 1-16. Trapezoidal Wave Generator Equivalent Circuit

1-83. The leading edge of a trapezoidal wave
is called the ‘‘jump’’ voltage. The next portion
is the linear rise of ‘‘slope.”’ The trailing
edge is called the ‘‘fali” or ‘‘decay”. A
trapezoidal wave is used tofurnishdeflection
current in the electromagnetic cathode ray
tubes and is found in television and radar
display systems. Electromagnetic CRTs use
coils for the deflection system, and a linear
rise in current is required. The square or
rectangular wave portion provides the junp
voltage for a linear rise in current through
the resistance.

1-64. A simplified circuit of a trapezoidal
wave generator is shown in figure 1-16.

1-65. Components R}, R2, and Cl connect
from a power source to ground. Cne side
of switch 81 is connected bhetween Rl and
R2, and the other side is connectedto ground.
To illustrate the operation, assume the fol-
lowing: E applied is 100 volts, Rl is 99 k
ohms. With the switch closed at time TO0, the
output voltage is zero volts. At time Ti,
the switch is opened. At the first instant the

capacitor acts as 2 short, so the circuit
consists of a 99 k ohm resistor in series with
a 1 k ohm resistor, and the voltage across
R2 (the output voltage) immediately goes to
plus 1 volt. This is how the jump voltage is
derived.

1-66. The capacitor now begins to. charge
toward the applied voltage of 100 volts. To
keep the sweep as linear as possible and
get maximum change in voltage in minimum
time, we use only the lirst 10 percent of
ful) charge. Thus, the capacitor is allowed
to charge from time T! to T2, the capacitor
has charged 10 volts; 80 volts across the
two resistors drop the voltage across R2
to .9 volts, So, the output voltage at T2
is 10.9 volts. At time T2, the switch is
again closed; the output goes to zero volts
and the capacitor discharges through the
switch and R2.

1-87. Sawtooth and trapezoidal wave gen-
erators are commonly called ‘‘time base'’
generators because the outputs are used to
generate sweeps which are linear with
respect to time.




Chapter 2

SINE-WAVE OSCILLATORS

2-1. As an electronics technician, you will
spend many hours troubleshooting and
repairing oscillator circuits. Oscillatorsare
important circultsin communication systems,
navigational aids, radar, and test equipment.
The oscillator must generate a signal at a
constant amplitude and frequency if the equip-
ment 1sto function properly. This chapter

covers the various types of sine-wave
oscillators.

2-2. Have you ever heen in an auditorium
when the public address system developed
a shrill whistle? This whistle is heard
becayse the public address system becomes
an oscillator. To understand how this whistie
occurs, we will analyze a public address
system. The system contains an amplifier,
a microphone, and a loudspeaker as shown
in Figure 2-1.

2-3. The whistle starts with a small noise
picked up by the microphone. The noise is
amplified by the amplifier and then sent to
the speaker. with the microphone in the path
of the speaker, the noise is fed back to the
microphone which starts the process again.
This continues untl the amplifier is over-
driven and the amplitude of the noise reaches
a steady vajue, You hear this as a loud
whistle. f you remove the microphone from
the path of the speaker (break the feedback
path), the oscillations will cease. Another
method used to stop the oscillations is to
decrease the gain of the amplifier. This will

AMPLIFIER

MICROPHONE C(CC PEAKER

FEEDBACK

REP4-1411

Figure 2.1, Feedback in a Public Address
System

decrease the feedback amplitude to the point
that oscillations cease.

2=4. The basic requirements for sustained
oscillations are (a) amplification, (b) a fre=-
quency determining device, and {c)regenera-
tive feedback.

2=-5. An amplifier and its associated cir-
cultry requires a power source foritsopera-
tion. Refer to Figure 242, The amplifier
provides the necessary gain, and the feed-
back network provides regenerative feedback.
The frequency determining device sets the
output frequency.

2-6. Amplifier

2=T7. The ampliﬁef must provide enough gain
for the output load and for regeneration,
to maintain constant amplitude and frequency.
The amplifier can be a common emitter,
common collector, or common base configu~
ration. The circuit is oftena commonemitter
configuration because of its power gain
characteristics, and because the input and
output impedance can be matched easily.

2-8. Frequency Determining Device

2-9. The frequency dete rmining device (FDD),
as the name implies, determines the fre-
quency of operation of the oscillator. Devices
used include RC networks, L.C tank circuits,
and crystals.

FEEDBACK
NETWORK

POWER
SUPPLY

FREQUENCY
DETERMINING
DEVICE

AMPLIFIER

REP4-14i2

Figure 2-2. Block Diagram of an Oscillator
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Figure 2-3, Tank Circuit Loading

2-10. A common FDD uses LC components
in either series or parallel resonant ¢ircuits.
The resonant {requency of a tank ¢ircuit is
determined by the size of L and C, using
the formuia {_ = 153 . Changing tank capa-
citance or inductance will tune the tank.
Decreasing C or L causes the resonant
frequency of the tank to increase. There-
fore, if either € or L i3S made larger,
the resonant I{requency of the tank circuit
will decrease. By properly adjusting the
capacitor or coil, the desired resonant fre-
quency can be obtained.

2-11. Refer to Figure 2-3A. Resistor R
represents the total internal resistance of the
tank, Remember, R i3 one of thefactorsused
to determine the Q of the tank, where the
formuia for Q is:

X . X
. —Q =
Q= %Or 2 when XL X c

This formuia shows that @ and internal
resistance are inversely related, Assume
that, at resonance, the ratio of reactance to
resistance is greater than 20, the Q of the
tank will be greater than 20,

2-12. Refer to Figure 2-3B and notice the
external resistor Rl. Resistor Rl can be
used to control the Q of the tank. Q for

this arrangement is Q =_§L (R in shunt).
L
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Figure 2-4, Oscillator Hlock Diagram

When R1 iS made smaller (less resistance)
the tank ¢ircuit is shunted with a low
resistance which causes more losses in the
circuit and, therefore, lowers the Q. This
is a common method of changing the Q of a
tank circuit. A limijtation is the fact that the
Q cantiot be made any higher than it was
before the registor was added, All Rl can do
is lower the Q,

2-13. When the FDD is a tank c¢ircuit, the L,
and C determine the freguency, but the Q of
the tank determines the feedback require-
ment. A low Q requires more feedback than
a high Q. The greater the feedback reqguire-
ment, the greater the load on the complete
oscillator circuit. '

2-14. Regenerative Feedback

2-15. Feedback is the process of trans-
ferring energy from a high level point in a
system to a low level point in a system.
This usuaily means transferring energy from
the output of an amplifier back to its input.
If the feedback opposes the input signal,
the feedback is degenerative. However, ifthe
feedback alds the input signal, the feedback
is regenerative.

2-16. Regenerative feedhack iSrequiredinan
ogcillator. It furnishes the input signal tothe
amplifier. The amplified feedback signal
offsets tho damping in the FDD circuit.
Since all circuits have some losses, the
regenerative feedback must be equal to the
losses and provide a circuit gain of unity.
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Unity gain means that circuit losses are
being corrected.

2-17. Figure 2-4 shows a feedback network
connected between the collector and baseofa
transistor amplifier, Since a commonemitter
configuration shifts the signal 180 degrees,
the feedback network must shift the col-
lector voltage an additional 180degreesfor it
to be regenerative feedback. Transformers,
resistance~capacitance networks, [Inter~
element capacitance, and inductance net-
works provide this 180-degree shift. With
2 common base or common collector amp-
lifier configuration, no phase ghift is required.

2~18, Armstrong Qscillator

2-19. We have discussed the requirements
of oscillators. Let's put them together in a
complete oscillator circuit.

2-20, Figure 2+5A shows a conventional
amplifier. R2 provides the forward bias
for Ql; C2 is a coupling capacitor; and L1
and R1 form the collector load impedance.
This is a common emitter configuration
which gives a 180-degree shift between the
base and collector.

2«21, Figure 2-5B shows a frequency deter-
mining device compased of inductance 1.2 and

capacitance Cl, Cl1 is the tuning device
used to adjust the resonant frequency to the
desired value,

2+~22, Figure 2-53C is the feedback network

which uses collector load L1 as the primary

and L2 as the secondary windings of a coupling

transformer to provide 180-degree phase
shift. Variable resistor Rl controlsthe amount
of current through L1, With Rl adjusted for

maximum registance, most of the current

flows through L]1. The transformer now

couples maximum signal into the tank ¢ireuit.

This repregents a large feedback amplitude.

It R1 is adjusted for a smaller resistance,

less current flows through L1, and less

energy is coupled to the tank circuit, there~
fore, feedback amplitude decreases. R1 is

adjusted so that the L1 current is adequate

to sustain tank oscillation.

223, Figure 25D shows the complete oscil~
lator cireuit. By connecting the feedback
network through coupling capacitor C2 to the
base of Q1, we have a ‘“closed loop’’ for
feedback {shown by the solid arrows). Let’s
verify that the feedback is regenerative:
assume a positive signal on the bhase of Ql.
The transistor amplifies this signal and
inverts it 130 degrees. The negative col-
lector signal is appiled to primary L1 of the




tranzformer, which is connectedso thatthere
is a 180-degree phase shift between leads
1 and 3. The negative signal applied to lead
1 appears at lead 3 as a positive signal.
The positive signal is now coupled through
C2 to the base of QL. Notice that we assumed
a positive signal on the base, and the voltage
fed back is of the same polarity. i we
assume a negative signal voltage onthe base,
the feedback signal will be negative.Ineither
case, the regenerative feedback offsets the

damping in the FDD and has sufficient amp~
litude to provide a circuit gain of unity.

2-24. Figure 2-5D fuifills the requirements
for an oscillator: amplification, a frequency
determining device, and regenerative feed-
back. The schematic drawing is a “tuned
base’’ oscillator, because the FDD is in the
base unit. (If the FDD were in the col-
lector circuit with Cl in parallel with L1,
it wouid be a ‘““tuned collector’” oscillator.)
This particular ejrepit i8S an Armstrong
oscillator.

2-25. Refer to Figure 2-5D as we discuss
the circuit operation. When VCC is applied
to the circuit, a small amount of base cur~
rent flows through R2 which sets forward
bias on Ql. This forward bias causes col-
lector current to flow from ground through
Ql and L1 to +V~~. The current through
L1 develops a magnetic field which induces
a voltage into the tank circuit. The voltage
is positive at the top of L2 and Cl1, At this
time, two actions occur; first, resonanttank-
capacitor C] charges to this voltage; the tank
circuit now has stored energy. Second,
coupling capacitor C2 couples the positive sig~
nal to the base of Ql. With a positive signal
on its base, Ql will conduct harder, With
Q1 conducting harder, more current flows
through L1, a larger voltage is induced
into L2, andalargerpositive signal is coupled
back to the base of Ql. While this is taking
place, the frequency determining device is
storing more energy. Cl charges to the volt-
age induced into L2.

2-26. The transistor will continue toincrease
in conduction until it reaches saturation.
At saturation, collector current of Ql is at
a maximum value and cannot increase any

further. With a steady current through L1,
the magnetic fields are not moving and no
voltage is induced into the secondary.

2-27. With no external voltage applied, ¢l
now acts as a voltage source anddischarges.
As it does, it transfers its energy into
the magnetic field of L2, and the voltage
across Cl decreases. Now, let’s look at C2,

2-28. The coupling capacitor has charged to
approximately the same voltage as (1. As
Cl discharges, C2 will discharge. The prime
discharge path for C2 is through R2 (shown
by the dashed arrow). As C2 discharges,
the wvoltage drop across R2 reduces the
forward bias on QI, and coliector current
begins to decrease.

2-29. A decrease in collector current allows
the magnetic field of L1 to collapse. The
collapsing field of L1 now induces a negative
voltage into the secondary which is coupled
through C2 and makes the base of Ql more
negative. This, again, is regenerative action
and it contimies until Q1 i8 driveninto cutoft.

2-30. When Ql is cut off, the tank circuit
continues to flywheel or oscillate. The fly-
wheel effect not only produces a sine-wave
signal, but it aids in keeping Ql cut off.
Without feedback, the oscillations of L2
and €l would dampen out after several
¢eycles. To insure that the amplitude of the
signal remains constant, regenerative
feedback is supplied to the tank once each
eycle, as follows:

2-31. As the voltage across 1 reaches
a maximum negative, Cl begins discharging
toward zero volts. Ql is still below cutoff.
Cl continues to discharge through zero and
becomes charged positively. The tank circuit
voltage is coupled to the base of Ql, so the
base voltage becomes positive andallows col-
lector current to flow. The collector current
causes 2 magnetic fieldin L1 which is coupled
into the tank. The action replaces any lost
energy in the tank circuit. This feedback
also drives Qi into saturation. After satura-
tion is reached, the transistor is again
driven into cutoif.

o7




REP4=1416

Figure 2-6. Armstrong Qseillator

2-32. The operation of the Armstrong oscil-
iator is basically this¢ POWET applied to the
trangistor allows energy to be applied to the
tank circuit. When the transistor cuts off,
the tank circuit oscillates. Once every cycle,
the transistor conducts for a ghort period of
time (Class C operation) and returns enough
energy to the tank to insure a constant
amplitude signal.

2-33. Class C operation has high efficiency
and low loading characteristics. The longer
@1 is cut off, the less the loading on the
frequency determining device.

2=34. For Class A operation, the feedback
amplitude must be reduced, and C2isusually
larger. The reduced feedback amplitude pre~
vents the amplifier from going all the way
into saturation and cutoff, and the larger
czpacitor makes a longer time constant,
so C2 cannot charge or discharge any appre-
ciable amount.

2-35, Figure 2-6 shows the Armstrong oscil-
lator as you will probably see it, R3 has
heen added to improve temperature stability,
C3 prevents degeneration, ¢4 is a coupling
capacitor, and T2 provides a method of
coupling the output signal. T2 is usually a
loose-coupled RF transformer, which reduces
undesired reflected impedance from the load
tack to the oscillator.

2+36, The Armstrong oscillatoris anexample
of how a Class C amplifier can produce a

4T

sine-wave output that 18 not distorted.
Although Class C operation is nonlinear and
many harmonic frequencies are generated,
only one frequency receives enough gain to
cause the circuit to oscillate. This is the
frequency of the resonant tank circuit. Thus,
we can have high efficiency and an undig~
torted output signal.

2-37. The wave forms in Figure 2-7 iilus-
trate the relationship between the collector
voltage and collector current. Notice that
collector current (Ic) flows for only a ghort
time during each cycle. While the tank cir-
cuit i oscillating, L2 actg as the primary
of atransformerandLl acts asthe secondary.
The signal from the tank is, therefore,
coupled through T1 to coupling capacitor C4,
and the output collector voltage ig a gine
wave.

2-38. Before we troubleshoot the Armstrong
oscillator, let's discuss some methods com-
monly used to deternine if the eircuit is
operating. One method to check for circuit
operation i3 to connect an oscilloscope to a
point in the regenerative feedback loop. The
presence of a signal indicates the circuit is
oscillating. To prevent excessive loading on
the ctreuit, the oscilloscope should be con-
nected in shunt with the lowest impedance
point in the circuit.

2-39. Another method of checking for oscil-
lations is with a neon bulb., The osciilating
circuit radiates electromagnetic energy. If a
neon bulb 18 held physically close to the
cirecuit, the neon will ionize and glow provided
the oscillator can furnish the required power.

|
|
|
|
|
A
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Figure 2-7. Collector Current and Voltage
of a Class C Oscillator




This check 18 not nearly as accurate as the
oscilloscope because of many variables such
as the size of neon bulb, strength of ogeil-
lator signal, and physical distance from the
circuit. The neon bulb, however, is a quick
way to check the eircult for operation.
A third method used to check for oscilla-
tions 18 to measure the output with a high
impedance AC voitmeter.

2-40. Troubleshooting an oscillator i3 rela-
tively simple as long as you remember the
requirements for an oscillator and the char-
acteristics of an amplitier.

2-41. First, what malfunctions will prevent
the amplifier {rom operating? Refer to Figure
2-8. I Ql or R3 opens, the DC path for the
transistor i8 broken. @l cannot amplify and
the circult cannot oscillate. If Q1 is shorted,
the DC path is present bhut no amplification
will be present, and there is no ocutput from
the circuit.

2-42, Second, what malfunctions can occur
in the frequency determining device? With
L2 or Cl shorted, no oscillations exist
because the tank circult i8 shorted toground.
If L2 opens, the resonant frequency of the
tank goes to a higher value as determined
by the capacitance between the open ends
of the coil. If Cl opens, the resonant {re-
quency of the tank goes to a higher value,
becauge the resonant frequency is now deter-
mined by L2 and the shunt or distributed
capacitance in the ecircuit, With L2 or Cl
open, the oscillator may not opsrate because
of the higher resonant frequency.

2-43, Third, in the regenerative feedback
path, if C2 or Ll opens, the feedback is
zero and the cirecuit will not osclllate.

2~44. Now, let’s examine the remaining com-
ponents. If R1 opens. the output amplitude will
increase. If Rl is shorted, there is no
output because there i8 no collector load
impedance and no coupling to the tank eircuilt.

2-45, If R2 opens, we lose forward bias on
@1, and there may not be enough leakage
current through Ql to start the cireuit
oscillating. If R2 shorts, the excessive base
current would probably damage the transistor.

UTPUT LOAD
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Figure 2-8. Sertes-fed Hartley Oscillator

2-46, If R3 or C3 shorts, the thermal
stability is lost but the circuit will con-
tinue to operate as long as Ql does not
overheat, With C3 open, degeneration ispre-
sent and the output amplitude will be amaller
than normal or zero.

2-47, If C2 shorts, there may not be suf-
ficlent forward bias to start oscillations.
This is because of the verylow DC resistance
of L2.

2-48. If C4 opens, the cireult continues to
osgcillate but there 18 no ocutput signal. The
same holds true if L3 or L4 cpens.

2-49. If L3 or L4 were shorted, anexcessive
load would probably cause oscillations to
dampen out. If C4 shorts, an excessive EC
load is on the power supply (L1 and L3 in
series) and the eireuit would not osciliate.

2-50. There are many different oscillator
circults, 80 the troubles and 8ymptoms listed
here are general, and will vary with individual
circuits. However, if you understand the
principle of operation of an amplifier andthe
requirements for oscillation, troubleshooting
the Armaetrong oscillator shouldbe quite easy,

2-51. Hartley QOgcillator, Series Fed,

2-52, One of the most common cscillator
circuits is the Hartley: Series fed and shunt
fed. We will first discuss the serles-fed
Hartley oascillator. Refer to Figure 2-8
for the sochematic diagram. The following
list gives the purpose of the components:
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Voltage divider network for for-
ward bias

Swamping resistor for thermal sta-
bility

Bypass capacitor for R3 to pre-
vent degeneration

Feedback coupling capacitor

Frequency determining device

L3 Coupling for the output circuit

R4and Low-pass filter network (decoupling
C4 network)

2=53. The identifying feature of a Hartley
oscillator is the tapped coil. The oscillator
is series fed because DC flows through the
tank. Observe that DC flows from ground,
through R3, Ql- L1, and R4 to +Veoeo When
a part of the tank circuit is in series with
the power supply so that DC flows throughit,
the circuit is said to be ‘‘serles-fed.”
Regenerative feedback from the collector to
the base of Ql is through autotransformer
action detween L1 and L2.

2-54. To understand the circuit operation,
assume the circuit is oscillating and the sig-
nal on the base {from the FDD) is going in
a positive direction. The positive signal
will cause the collector current to increase
and the voltage across Ll will be negative
at the top with respect to the tap. The voltage
induced into L2 will be positive at the bottom
with respect to the tap. This positive sig-
nal coupled back is in phase with the original
signal, and it i{s regenerative. The negative
alternation of the signal onthe base causes
collector current to decrease. This decrease
in current will cause the voltage across L1
to go positive at the top with respect to the
tap. The voltage induced into L2 will be
negative at the bottom with respect tothe tap,
This negative signal is coupled through C2
to the Ql hase. Once 2gZain, the signal fed
back 1is in phase with the original signal and,
therefore, is regenerative. ’

s/

2-55., The regenerative feedback path, then,
is from the collector through L1 to L2,
through C2 to the base,The amplitude of the
feedback 1u controlled by the position of the
tap. When the tap 18 moved down {making
L1 larger and L2 smaller), the feedback
amplitude decreases. When the tap is moved
up, the feedback amplitude increases. Thetap
is positioned to send the correct amplitude
of regenerative feedback t0 the base of the
transistor as indicated by the shape of the
output waveform. Observe that, regardless
of the tap position, the frequency determining
network does not. change, 50 the output fre-
quency does not change.

2-56, The low-pass filter network {R4-C4)
is used for two purposes. First, the resistor
drops Ve to the desired value for the tran-
sistor. Second, the oscillator signal is
isolated from the power supply by the large
filter capacitor C4, connected between R4
and the tank circuit. The high frequencles
will be shunted around the power supply,
and the low frequencies (DC in this case)
will pass on to the power supply.

2«57, Buffer Ampiifier

2-58. Figure 2-8 shows the output circuit as
a load placed on the frequency determining
device. This type loading affects oscillator
amplitude and frequency. A ‘“‘buffer’” ampli-~
fier decreases the loading effecton the oscil~
lator by reducing Interactionbatweentheload
and the osclilator.

2-59. Figure 2-9 18 the schematic dlagramof
a buffer amplifier. This circuit i8 a common

*VCC

(]}
—
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Figure 2-9. Buffer Amplifier
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Flgure 2-10. Shunt-fed Hartley Oscillator

collector amplifier. A common collectorhasa
high 1nput impedance and a low output
impedance. Since the output of the oscillator
1s connected to the high input impedance of
the common collector, the huffer has little
effect on the operation of the oscillator.
The output of the common collector 18 then
connected to an external load, with the result
that changes in the output load cannot reflect
back to the oscillator circuit. Thus, the butfer
amplifier reducesinteraction between the load
and oscillator. This is ‘‘one~way’’ coupling
since the oacillator signalis coupled forward,
but load changes are not coupled back to the
oscillator.

2«80, Hartley Oscillator, Shunt Fed,

2«81, The second Hartley oscillator 1s the
shunt-fed type. Figure 2«10 shows the
schematic diagram. Again, we find a tapped
coil =- the identifying feature of a Hartley
oscillator. The {requencydetermining device
(C4, L1, and L2) 1s now in shunt with the
DC path through the amplifier (ground, R2,
Ql, and R4 to Veeh

2-62. The following list shows the purpose
of the components:

Rlang Voltage divider network for for-
R3 ward blas

R2 Swamping resistor for thermal sta-
bility.

Cl Bypass capacitor to
degeneration

prevent

C2 Decoupling capacitor for the power
source

R4 Collector load resistor
C3 Coupling capacitor
Ch Feedback coupling capacitor

C4,11, Frequency determining devige
and L2

L3 Coupling for the output circuit

2-83. Coupling capacitors C3 and C5 block
DC from the tank circuit; thus, the oscil-
lator 13 ‘‘shunt fed,’”’ Regenerative feedback
from the collector to the hase of Q1 1s
through C3, autotransformer action between
L1 and L2 and through capacitor C5.

2-84, To understand the circuit operation,
assume that the circuit is operating and the
signal on the base 15 going positive. The
positive signal will cause collector current
to increase and collector voltage todecrease
(go in a negative direction). This negative-
golng signal couples through C3, and the
voltage across L1 will be negative at the top
with respect to the tap. The voltage induced
into L2, then, will be positive at the bottom
with respect to the tap. This positive=going
gignal 15 then coupled through C5 to the base.
Since the signal coupled back 1s in phase
with the original signal, it is regenerative.

2-85. The negative alternation of the signal

on the bhase causes collector current to
decrease and the ¢ollector voltage toincrease
(g0 in a positive directon). This positive-
going signal couples through C3, and the
voltage acress L1 will be positive at the top
with respect to the tap. The voltage incfuced

into L2, then, will be negative at the bottom
with respect to the tap. This negative~
going signal 1s then coupled through €5
to the base. Once again, the signal fed back
is in phase with the original signal and,
therefore, is regenerative.

2~88. The regenerative feedback path, then,

13 from the collector through C3 to LI,
to L2 through C5 to the base. Once again,
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Figure 2-11, Colpitts Oscillator

the position of the tap determines the amount
of feedback in the e¢ircuit. Use Figure 2-10
to troubleshoot the shunt-fed Hartley oscil~
lator. Agssume Class A operation.

Symptom: No output and V. is zero volts;
the possible troubles include R4 open, C2
shorted, or C3 ghorted.

Symptom: No output and V¢ is normal; the
possible trcuble could be C5 open, C3 open,
- the tap on L1-L2 pot grounded, or C1 open.

Symptom: No output and V approximately
equal to V(; the trouble now could be R2
open, R3 open, Rl shorted, C5 shorted, or
R4 shorted,

2-87. Colpitts Oscillator

Figure 2-11 shows the schematic diagram.
The identifying feature of this oscillator ig a
split capacitor. The following list gives the
purpose of the components:

Rl Emitter resistorto develop the feed-
back signal.

R2and Voltage divider network for for-
R3 ward bias

Ccl Base bypass capacitor that keeps
the base at AC ground

R4 Collector load resistor

2-88. Anothertypical oscillatoristhe Colpitts.

c2 Coupling capacitor between the col~
lector and the tank

C3, C4, Frequency determining device
and L1

L2 Qutput coupling device

2-69. The two capacitors (C3 and C4)in the
frequency determiming device provide the
Colpitts oscillator with capacitive feedback,
As the Hartley oscillators use a tapped
coll for inductive feedback, Colpitts ogellla~
tors use split capacitors for capacitive
feedback. Before discussing the operationof
the two capacitors, let’s trace the regenera-
tive feedback path.

270, Starting at the collector of Q1, the feed=-
back goes through C2, to the tank circuit,
and from the connection between the two
capacitors to the emitter of Ql, Q1 is con-
nected in a common bage configuration and
doesg not phase shift the signal, neither does
the tank cirewit. 50, the feedback is re-
renerative.

2-71. To 1illustrate the purpose of the two
capacitors, C3 and C4, refer to Figure
2-12, a rearrangement of components from
Figure 2-11. This shows only the emitter-
to~base circuit with respect to the tank
circuit. Notice the interelement capacitance
between the emitter and base Cgy,.

2-72. when a tank circuit is connectedacross
a junction of a transistor, the transistor
interelement capacitance becomes part ofthe

Figure 2-12. Colpitts Oscillator, Emitter
Circuit Redrawn
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Figu:e 2-13. Clapp OQOscillator

tank capacitance. If thisinte relement capacit-
ance changes, the frequency of the tank cir-
cuit will change. Among other things, heat
and the amount of bias affect the capacit-
ance between the transistorelements; there-
fore, Ceb is subject to change. Inthe Colpitts
oscillator, one of the two capacitors in the
tank circuit, C4, is connected across the
emitter-base junction. This connectionplaces
Ceb in parallel with C4. To decrease the
effects of a change in Cgp, we select a size
for C4 that wll make it much larger than
Ceb. For example, if Cop is 10 picofarads,
thea select 1000 picofarads for C4. The
tota) parallel capacitance of Cqp and C4
would be 1010 picofarads. The size of C3
is selected to make the circuit rescnate with
L1 at the desired frequency. Let’'s assume
that C3 is 100 picofarads. The total tank
capacitance is about 80.9 picofarads.

2-73. To illustrate our example, let’s assume
that the interelement capacitance increases
100 percent to 20 picofarads. How much does
the total tank capacitance change? We find
that the total tank capacitance is now about
91.1 picofarads. This represents a change in
total tank capacitance of about 0.2 percent.
So, with a 100 percent change in inter-
element capacitance the resonant Irequency
changes less than 0.2 percent. By a more
careful selection of component sizes, an
even smaller degree of change can be
achieved., Using two capacitors reduces the
undesirable effect of transistor interelement
capacitance changes on the frequency deter-
mining device. This allows the Colpitts

oscillator to have good frequency stability
characteristics. The two capacitors also act
as a voltage divider to insure the correct
amplitude of feedback,

2-74. The Colpitts oscillator may be tuned
by varying the inductance or capacitance,
However, when capacitance turing is used,
both capacitors must be tuned at the same
time. Since C3 and C4 (Figure 2-12) form a
voltage divider network for the regenerative
feedback if one capacitor is varied, the ratio
of C3 and C4 changes and the amount of
feedback changes. To maintain the ratio and
thus reduce the possibility of distortion or
loss of oscillations, capacitors connected on
the same shaft (ganged capacitors) are used
with capacitive tuning.

2-75. Clapp Oscillator

2-76. The Clapp oscillator (Figure 2-13) is
a modified Colpitts osctllator. Tuning capaci-
tor CH is added in Serfes with the tank
inductance so that the frequency determining
device now consists of C3, C4, C5, and L1.
Like the Colpitts, the Qlapp osctllator reduces
the effects of transistor interelement
capacitance. Using the single tuning capacitor
makes this oscillator much easier to tune
than the Colpitts.

2-77. Another advantage of the Clapp oscil-
lator is the reduction of “‘hand capacitance.”
When you place your hand near the tuning
device, the capacitance of your handand body
may cause the Irequency of an oscillator to
change. One plate of tuning capacitor C5
is at ground potential; this reduces the
effect of hand capacitance,

2-78. To troubleshoot the Clapp oscillator,
assume Class a operation.

Symptom:

No output and Vo 18 low

Cause: C4 shorted, R1short,or

possibly R2 open
Symptom: The output {requency is
lower than normal

Cause: C5 shorted
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Figure 2-14. Butler Osacillator
Symptom: No output and V. i8
normal

C2 open, C3 open, C4
open, .1 openor shorted,
C5 open, L2 open or
shorted

Cause:

2-79, Butler Oscillator

2-80. The Butler oscillator, shown in Figure
2-14, has two primary identifying features.
Two transistors are used, and a crystal is
connected between the emitters. Thepurpose
of the components are listed below:

R1 Emitter resistor of @1, develops
the output of Q1

R2 Emitter resistor of Q2, developsthe
input signal to Q2

Y1 Frequency determining device

Forward bias voltage divider for
RS Q2

C3 Base bypass capacitor for Q2

Resonant tank load impedance for
c2 collector of Q2

Cl Coupling capacitor

R3 Forward blas resistor for Q1

2-81. Q1 is a2 common collector configura~
tion and Q2 {s 3 common base configuration.
The regenerative feedback path {a: Froin the
vollector of G2, through Cl to the bamse
Ql, to the emitter of Ql, through the cryatal
¥1l, and back tp the emitter of Q2. The
regenerative feedback must pass through the
crystal, At its resonantfraquency, the crystal
has a very low itpedance and will pass the
feedback signal to the emitter of @2, Al
other Irequencies will be blocked because
of the high impedance of the cryastal.

2-82, The output signal from the circuit can
be obtained directly irom the collector of Q2.

The tank circuit, L1 and C2, will flywheel

and produce a signal on the collector, At

the same time the cyrstal is vibrating to

produce a signal on the emitter of Q2. With

both transistors cperated Class C, Q2 will

be cut off for a malority of the time. This

condition provides buffer action between the

collector ecircuit of Q2 and the erystal.

When the output is taken from the col-

lector, the external load will have very little
affect onthe crystal operation. This eliminates
the need for another ¢ircuit to provide buffer

action, Remeniber, the frequency determining
device 18 the crystal and NOT L1 and C2.

The L1 and C2 regonant frequency should be
near that of the crystal. When both transis-

tors are operated Class A, Ll and C2 . can
be replaced by a resistor.

2-83. Phase Shift Oscillator

2-84, Registive capacitive natworks provide
regenerative feedback and determine the fre-
quency of operation in RC osciliators.

2-85. A phase shift RC oscillator circuit
is shown in Figure 2-15. The following
list gives the Purpose of the components:

1
l_“.f 1 ?) -
A AN A <
a ||| ¢ R‘i:]
RS

1 ~Vec

,ql"m R? SR3 :-Rd—ﬁ:di
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Figure 2-15. Phase  Shift Oscillator




fl, R2, Phase shifting network and fre-
R3, Cl, quency determining device
C2+C3

R5and Voltage divider network for fore
R3 ward bias

R4and Emitter swamping resistor and by~
C4 pass capacitor

"8 Collector load resistor {Feedback
amplitude control)

2-88. In Figure 2-15, notice the arrange-
ment of the three RC networks. Cl and Rl
form the first RC network, C2 and R2 form
the second, and C3 and R3 form the third.
Resistor RS provides forward bias voltage
and is much larger than R3.

2-87. The input signal to the RC networks
is from the collector of Ql, and the output
signal from the RC networks is applied
to the base of Ql. Ql, a common emitter
configuration, has a 180-degree phase shift
from base to collector. To obtain regenera-
tive feedback for sustained oscillations, the
collector signal of Ql must be shifted 180
degrees before it js returned to the base of
Ql. This is accomplished by the three RC
networks. To get 180 degrees from a three-
section network, each section provides
approximately 60 degrees phase shift. The
capacitors anrd resistors in the RC networks
may be adjusted to provide the required
phase shift for the desired frequency. The
collector signal is thus shifted a total of
180 degrees and returned to the base of Q1
as regenerative feedback.

2-88, But what about the fraquencies above
and below the desired operating frequency?
Remember, if capacitance and resistanceare
held constant, the amount of phase shift per
section depends upon frequency. All fre-
quencies above the desired operating fre-
quency will be phase-shifted less than 180
degrees and will not be regeneratively fed
back. Also, all frequencies below the desired
operating frequency will be phase shifted
more than 180 degrees and feedback will
not be regenerative. Only one frequency will
have the correct 180-degree phase sghift to
provide regencrative feedback for the ctrcuit.

2-12

2-89. Transistor amplifier Q1 must operate
Class A because the RC frequency deter-
mining device has no flywheel action. Recall
how LC oscillators maintaina sine-wave out-
put even though they operate Class C, because
of the tank-circuit flywheel action. For a
sine-wave output from the phase shift oscil-
lator, transistor Q1 must conduct 360° of
the cycle. and operate in the linear portion
of its characteristic curve. if the regenera-
tive feedback is too small, the circuit will
not oscillate; jf the regenerative feedback is
too large, distortioa will be present jn the
output. The collector load resistor, R in
Figure 2-15, is varlable to allow adjustment
of the feedback. By decreasipg RS, the voliage
gain of the circuit decreases and the ampli-
tude of the feedback is reduced. In some
circuits, the emitier resistor is unbypassed
and varlable to allow some degeneration to
be present to insure an undistorted output
signal.

2-90. To determine the frequency of operation
use the formula:

e —l
o 2mRC 2N

where N 1is the number of RC sections.
Figure 2-15usesthree sections sothe formula
becomes:

F

1
Fs* 29 RC 2(3)°

2-91. Now, let’s consider troubleshooting:

Symptom:

R]

TCI

|

R2JC2

#

REPY-1426

Figure 2-16. Wien PBridge Oscillator
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Symptom: No cutput and VC 18 pormal

Probable cause: Cl, C2, C3, Rl, or R2
could be open or C2, Rl, or R2
could be shorted

Symptom: No output and VC is higher than
normal

Most likely cause: C3 shorted
2-92, Wien Bridge Oscillator

2-93. The Wien bridge oscillator ls another
RC oscillator. It uses two transistor ampli-
fiers and a bridge circuit for feedback. 1t
also uses the phase shift characteristics of
RC networks. The following list gives the
purpose of components. Refer to figure 2-16.

R!=-Cl, Frequency determining device
R2, & C2

R3-R4 Degenerative feedback network

R2-Rb & Amplitier forward bias networks
R7-R8

R6 & R9 Collector load resistors
C3 & C4 Coupling capacitors

R10 Emitter resistor which developsthe
output

2-94. The frequency determining device (Rl,
Cl, R2, and C2) is a series-parallel RC
network, Any voltage thatis developed across
parallel R2 and C2 is applied to the base
of Qi, and any voltage developed across R4
in the R3-R4 wvoltage divider network is
applied to the emitter of Q1. So, during normal
operation, there are two signals appliedto @1

at the same time. Degenerative feedback net-
work R3-R4 is not frequency selective. Any
signal coupled from the collector of W2,
through C4, will appear on the emitter of
Q1 with a reauced amplitude. The frequency
determining network 1S frequency selective,
The amplitude of the signal on he base of

Q1 depends on the frequency of the signal.
Due to this arrangement, one {requency will
cause a larger voltage on the base of &1

(across R2 and C2) than any other. This is
the oscillator operating frequency.
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2-95, To {llustrate the cperation of the
Wien bridge oscillator {requency determining
device, refer to Figure 2-17, First, let’s
assuyme that Rl is equal to R2, and (1l is
equal to C2. Maximum amplitude will be
developed across parallel branch R2 and C2
at the center {requency.

2-96, At frequencies above Fo,the impedance
of the R2-C2 networkdecreases morethanthe
impedance of the Rl-'Clnetwork. This will
reduce the amplitude of the signal developed
across R2=C2,

2-97. At frequencies below Fy, theimpedance
of the R1«Cl network increases more than
the impedance of the R2-C2 network. This
will decrease the amplitude of the signal
across R2-C2. (Notice the frequency response
curve in Figure 2-17B).

2-98, The signal across the R2-C2 section
not only varies in amplitude with a fre-
quency change but also varies in phase.
At the frequency of operation, ¥, the cur-
rent in the series-parallel frequency deter-
mining network, leads the applied voltage by
45 degrees. However, the parallel section has
a lagging impedance of 45 degrees. For the
parallel portion, then, a plus 45-degree cur-
rent and a minus 45-degree impedance give
a voltage of zero degrees (I/ +45°x 2/ «45° =
E/ 0°). Thia makes the voltage applied tothe
base of Q1 in phase and regenerative., At
frequencies above and below F,, the feed-
back signal will not be of the proper phase
to sustain oscillations. So, for given values

&
S
<,
Y,
&
&)
&7
Q-

c2

VOL TAGE AMPLITUDE

;
FREQUENCY———
RC NETWORK  FREQUENCY RESPONSE CURVE
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Figure 2-17. Frequency Determining Device;
Wien Bridge Oscillator
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Figure 2-18. Degenerative Feedback Diagram

in the frequency determining network, only
one frequency, Fg, will have a feedback sig-
nat that is of proper phase. Both @l and
Q2 invert the signal making a 360-degree
phase shift. The Q2 collector voltage is,
therefore, In phase with the Q1 base signal.

2-99. This characteristic ofthe RCirequency
determining device allows maximum
regenerative feedback for only one frequency.
A small amount of degenerative feedback
increases the frequency stability of the
circuit, Network R3-R84 provides this signal
to the emitter of Q1. Now, refer to Figure
2-18.

2-100. Since resistors R3 and R4 are not
irequency sensitive, they passall frequencies.
Notice that there i8 only a small area where
the regenerative feedback i8 higherin ampli-
tude than the degenerative feedback. Since
sustained oscillations require regenerative
teedback, the circuit will only operate at the
frequency where this occurs.

2-101. Tuning the eircuit requiresthe adjust-
ment of some part of the frequency deter-
mining devlce. The usual tuning method 19 to
use ganged capacitors (Cl and C2} or ganged
resistors (Rl and R2).

2-102. Sometimes R3 (Figure 2-16) is made
variable to adjust degenerative feedback. In-
creasing R3 reduces degenerative feedback.
This would caume the cutput signal ampli-
tude to increase and powsibly become

distorted. Decreasing R3 increasesdegenera~
tive feedback and reduces the output signal
amplitude. Decreasing K3 further may stop
the osciilator. Therefore, R3 is adjusted for
maximum output amplitude with minimum

diatortion.

2-103. To determine the frequency of opera-
tion, F, use the following formula:

1
Fo= 2w JAD (R2) (C2) (c1)

When 81 equals /2 and Cl1 equals (2,
the formula reduces to

Foa L .159
o 2% &C RC °

In trouhleshooting the Wien Bridge oscillator,
we must consider that we have two ampli-
tiers, two feedback 1o0ps, and a frequency
determining device., With no output, a check
of collector voltage of each transistor would
identify if the trouble was in the DC circuit
of the transistors. If the following symptoms
were present, we would 100k for the following
troubles, Use Figure 2-18,

SYMPTOM POSSIBLE TROUBLE

V. Q1 High
No Output

RS short, R4 open, RS
open, RZ short, C2 short

R6 open, R4 short, RS

Ve Q Low
short, R2 open

v c Q2 High
No Ouatput

RS short, R1Q open, RS
short, R7 open

VC Q2 Low R7 short, R8 open R0
short, RS open, C3 short
C3 open, C4 cpen, R
open or short

C1 openor short, C2
open, R3 short

v c Q4 Q2
No Cutput

Qutput Amplitude
High and Fre-
quency Unstable

B3 open

2-104, Fregquesnicy Multiplisrs
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REP4=1429
Figure 2-19, Frequency Multiplier

2-105. To obtain higher frequencies than the
resonant frequency of anoscillator, the oseil-
lator output can be fed to a frequency multi-
plier. As the name implies, a frequency
multiplier circuit is one whose output fre-
quency is some multiple of the input fre-
quency. For example, a frequency doubles
will double the input frequency, a tripler
will triple the frequency, and a quadrupler
will multiply the input frequency by four.

2-106. To multiply a frequency, a circuit
must generate harmonie frequencies in the
output. This requires Class B or (Class
C amplifier operation. Figure 2-19 is the
schematie diagram of a frequency multiplier,
a doublerinthis example. Assume Q1 operates
Class C. Ql is cut off with no input signal
because it has 0o forward bias. During
the positive alternation of the input signal,
Ql is forward biased by the signal and
coupling capacitor C! charges rapidly. Once
the capacitor is charged and the input signal
starts in the negative direction, the tran-
sistor is cut off. The only discharge path
for Cl is through R1. This is a long time
constant so Cl cannot discharge very fast.
The average voltage on Cl becomes the
reverse bias forthe base-emitter junetionand
allows Class C operation for the transistor.
Of necessity, the input signal must be larger
than that normally applied to an amplifier
cirecuit.

2-107. With Class C operation, the tran-
sistor will generate many harmonics of the
input signal. Theoutput signal is the harmonic

i 9
=15
064 x 10 !

159

59

to which the collector tank circuit is tuned.
In Figure 2-19, the tank circuit is tuned to
the second harmonic of the input signal.
With 1 megahertz input, the output signalwill
be a gine-wave signal of 2 megahertz,

2-108. I the collector tank were tuned to
3 megahertz, the third harmonic of the input
signal, the output would be 3 megahertz.
The same is true with the fourth harmonie.
The fourth harmonie, or frequency quad-
rupler, is normally as high in multiplica-
tion as practical, because as you tune to
higher harmonics, the output signal becomes
weaker. Two doublers are often more desir-
able than one quadrupler. Although each will
produce the same frequency multiplication,
two doublers provide more power in the output
signal.

2=109, If the input frequency and the com-
ponent values of the tank circuit are knowna,
you can determine whether the stage is a
doubier or tripler. For example, if the
input signal is 10 MHz, would a .016 milli-
heary inductor and a 4-picofarad capacitor
form a frequency doubler or tripler? Using
the formula

.159

fr =J LC
‘we find the tank circuit’s resonant frequency.

']5-&-—-=—-—-
-12

t =j‘016 x10 > x4x10

15
=y).e54x10-18 =

-'g-' ]909 or 20 MHZ:
8x10 :

80 these tank component values make a
frequency doubler. In a problem of this
type, rounding off .159 to .16 will simplify
the calculations.

2-110. Another feature of frequency multi-
pliers is that they provide the characteristics
of a buffer amplifier. Since the transistor is
operated Class C, the load onb the multi-
plier does not reflect impedance back to the
base ecipcuit. And, because of Class C
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Figure 2-20. Butler Oscillatorand Frequency
Multipiier

operation, the input impedance to the base
1s relatively high (the base-emitter junction
is reverse biased most of the time).

2-111. Figure 2-20 shows the schematic dia-
gram of a Butler oscillator c¢nnnected to a
frequsney multiplier. Q3 and its circuitry
are the frequency multiplier, which also
serves as buffer amplifier for the oscillator.

2-112. Another characteristic of frequency

multipliers concerns neutralizaticn and uni-
lateralization. Since the input frequency and

output frequency of a muitiplierare ditferent,

there 12 usually no need for unilateralivation

or neutralization of the circuit. Aay feed-

back through the transistor would not be in

phase, so the {requency multiplier could
not oscillate.
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Chapter 3

PULSED OSCILLATORS

3.1, A conventional sinusoidal oscillator is
one that will produce output pulses at a
predetermined f{requency for an indefinite
perlod of time, That 13, it operates con-
tinuously. Many electronic circuits require
that an osecillator be turned on for a specific
time duration, and then remain in an off
condidon until required at a later tme.
These circuits are called pulsed oscillators.
They are nothing more than sine-wave oscil-
latora that are turned on and off at specific
Hmes,

3-2. There are two primary classifications
of pulsed oScillators, One is clagsified as
having regeaerative feedback and the other
without regenerative feedback. Both will be
discussed in the following secton.

3-3, A pulsed oscillator 18 a form of

ringing circuit so we will discuss ringing
circuits in general before going into the oscil-
lator. A ringing circult 12 a resonant cir-
cult which is excitsd into oscillation and
aliowed ton8cillate or “ring’’ without feedback
until oscillations die out,

3-4, Figure 3-1A shows a parallel resonant
eircuit connected to a DC source through a
switch (S1) and a current limiting Resistor
(R1). With S1 closed, a DC curreat flows
from ground through Rpes L1, 81, and R1
to the positive voltage source, The DCresist-
ance of L1 (Rpc) 18 low, so a small voltage
will be dropped across L1, Due to the cur-
rent flow, a magnetic field wiil be built
up around L1, The field will not collapse
as long as a steady direct current exists
and, therefore, no flywheel acton can take
place,

3.5, Assume that at time Tgq, in Figure 3-1B,
we open 81, The field around L1 collapses,
inducing a voltage to keep curreiit flowing in
the same direction, Thus, the voltage polarity
across Ll reverses, current flows to charge
Cl1, and flywheel action begins. The circuit
will oscillate at a frequency determined by
Ll and Cl,

3-8, The waveform in Figure 3-1B shows
that the amplitude of oscillations decreases
durlng the Hme Sl 18 open (Tg to Ti).
This is due to the power being dissipated
ar the current circuates, with no provision
for replacing the lost power. RAC is an
equivalent resistance representing all of the
power-dissipating elements in the tank, The
higher the @, the less the loss, and the

. glower the rate of decline in amplitude,

I a varlable resistance were placed in
shunt with the tank, the rate of decline
could be controlled, This 18 true because

*ee

REP4=793

Figure 3-1, Basic Hinglng Clrcuit
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the Q, and the slower the rate of decline.

Q The greater the R, the greater

3~7. The polarity of the first alternation of
a pulsed oscillator will depend onthe direction
of the initial current through the coil with
respect to ground. The amplitude of the first
alternation 18 a function of the current at the
time S1 18 Opened and the reactance of L1
at the resonant frequency. With Rl smaller,
a larger current would flow through L1,
more current through L1 would induce a
larger voltage when the switch 18 opened.
By adjusting R1, therefore, the amplitude of
the first alternation 18 controllable.

3-8. Figure 3-2 shows a pulsed oscillator
with the resonant tank in the emitter circuit.
It is actually the same circult as Figure
3-1, except that the adjustable resistor is
removed and S! has been replaced with Ql.
A positive input makes Q1 conduct heavily,
current flows through L1} and no oscil-
lations take place. A negative gate cuts Q1
off, and the tank will oscillate until the gate
ends (or until the ringing stops, whichever
comes first).

3-9. In Figure 3-2, Rl provides the forward
bias voitage for Q1. L1 and C2 form the

resonant tank circuit. Q1 eerves as the cur-
rent limiting resistance, and the blas on Q)
contrels the amplitude of the firat alterna-~
tion of the output. The more forward bias on
Q1, the larger the amplitude of the frst
alternation.

3-10. The waveforms in Figure 3-2 show the
relationship of the input gate and the output
signal {rom the pulsed oacillator. Assutne that
the Q of the LC tank circuit 15 high enough
to prevent damping. An output from the clr-
cuit is obtained when the input gate goes
negative. To o T1, and T2 to T3. The
remainder of the time, T1 and T2, the
transistor conducts heavily and there 18 no
output from the circuit. The width of the
input gate controls the time for ths Gutput
signal. By making the gate length ionger,
an output 15 present for a longer time.

3-11, It i8 relatively simple to caiculate the
number of cycles present in the output when
the gate length and resonant frequency are
known,

3«12, For example, if the tank circuit is
resonant at 1 megahertz, and the gate length
on the negative alternaton is 500 micro-
seconds, then there will be 500 cycles of one
megahertz present in the cutput. Let’s check
this by converting frequency to tme, using

REP4=294

Figure 3=2, Emitter Loaded Pulsed Qsclllator
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t =-L One cycle of a megahertz requires one
mic x‘ou cond of time. Then, dividing the time
for cne cycle (cne microsecond) into the gate
length (500 microseconds), we getthe number
of cycles {(500).

3-13, Another version of the pulsed oscil-
lator is shown in Figure 3-3. Compare this
with Figure 3-2; this time the tank has been
placed in the collector circuit. Rl provides
the forward bias for the transistor, CZ and
L1 the frequency of the output sine wave.
C1 ias a coupling capacitor to aliow the input
gate to be applied tn the clrcuit.

3-14. The primary difference between the tank
in the emitter or in the collector 13 the
polarity of the first alternation of the output.
Recall the basic principle of induction; any
change 1n magnetic fleld induces a voltage

which opposes the change. In Figure 3-3,
current flows from the emitter to the col-
lactor of Q1 through L1, to +V . When Q1

i8 cut off by the negative alternaticn of the
input gate, collector current wili stop. Due
to the collapsing fleld around L1, the voltage
produced will be of the polarity to cause
current to continue in the same direction.
This will cause the collector to g0 positive,
making the first output alternaticn positive.

3-15, Refer to Figure 3-2 and you ghould
be able tc msee why the first alternaticn 1s
negative. Suppose Ql is a PNP transistor
with Voo negative. Current flow from -V o
to ground causes the first alternation togoin
a positive direction, Now, referto Figure3-3
and replace the NPN with a PNP, and change
the polarity of V. The polarity of the first
output alternation 18 negative.

+Y cc

QUTPUT |
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1
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Figure 3-3. Collector Loaded Pulged Osclllator




e

<

<

& QUTPUT

11

REP4=736

Fig‘ure 3-4, Pulsed Oscillator

3-16. Observe that the waveshapes in both
tigures 3-2 and 3-3 have no damping. Actually,
the output of a pulsed ascillator WITHOUT
regeneraton 18 a damped wave, the duration
of which {8 controlled by the ilmput gate
length.

3-17. The second classification of bulsed
oscillators is one WITH regenerative iced-
back (has no damping). This type consisis of
continuous sine-wave ¢scillator cireuit pro-
ducing a sine-wave oufput signal.

3-18. Figure 3-4 shows a Butler oscillator
(Class A operalon) that has been modified
to allow pulsing. Q2 and Q3 are the Butler
oscillator transistors. Y1 connects the two
emitters and determines the output frequency.
Refer to chapter 2 for a review of this type
ascillator Operation. Transistor Ql, restator
R1, and capacitor C1 have been addedtopro~
vide a means of applying gates to the osell~
lator circuit. R2 (which provides bias for Q2
in the basic oscillator eircuit) now has a

second purpose; K2 18 the collector load
registor for Ql. The Ql collector current
flows through K2, which drops most of the
VC voltage. The voltage on the collector
of %1, which 18 also the base of Q2, 1s s0
small that Q2 is at cutoff. With Q2 cut off,
the path for regenerative feedback for the
oscillater 18 broken and the circuit will
not oscillate, Q1 conducting keeps the oscil-
lator in an “‘off”’ condition.

3-19. A negatlve gate coupled t¢ the base of
Ql cuts it off. With Q1 cut off, the voltage
on the base of Q2 returns to a forward bias
value determincd by R2. The Butler oscil-
lator now operates, developing anoutput at the
collector of Q3.

3-20. Ome advantage of the pulsed oscillator
with regenerative feedback 18 that the output
sine wave 18 not damped; the peak output will
have the Ssame amplitude for every ¢ycle. This
featuyre becomes important whenmany cycles
of the output signal are required,
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Chapter 4

BLOCKING OSCILLATORS

4~1. The blocking oscillator 18 a special
type of wave generator used to produce a
narrow pulge, sometimes called a trigger.
Blocking oscillators have many uses, most
of which are concerned with the timing of
gome other circuit. They can be used as
frequency dividers or counter circultsandfor
switching other circuits on and off at specific
times. This chapter discuases abasichlocking
oscillator circuit and its output wayeforms.

4-2. Before going into the blocking oscil-
lator circuit, severzl general considerations
which apply to all blocking oscillators need
to be discussed,

4-3. First, the timing pulses of electronic
circuits have stri¢t requirements. The times
involved vary from a few hundredths of a
microsecond to severai thousand micro
seconds.

4-4, Figure 4-1 showsa two timing pulses.
The basic requirements are:

1. Fast rige time.
2. Flat top.

FAST

RISE
" TIME

L

FAST
et F ALL
\ TIME

— 1

| { [] h

2 4 6 81012 141613 20
TIME IN MICROSECONDS (L 56C) ——bn
f—

PRT

3. Fast fali time.
4. Specific and accurately controllable
frequency.

4-5. The leading edge of the pulse should
be as steep as possible; that is, the rise
time should be short. The top of the pulse
should be as flat as posseible, especially
when the duration is long.

4-8. ‘The trailing edge of the pulse should
also be as steep as possible; that is, the

fall time should be short. The PRT ghould

be stable and accurately controilable because |
it determines the pulse recurrence frequency

(PRF}.

4~7. PW (pulse width) may be thought of as
being the duration in time = usually
expressad in microseconds = of & pulse,
the measursment being made at T03% of the
peak amplitude. FPRT (pulse recurrence time)
i8 the time (usually expressed in micro-
seconds) between the beginning of two suc-
cessive pulses. PRF (pulse recurrence ire-
quency) 18 the number of pulses per second,
and is the reciprocal of the
PRT. It a {ree-running
blocking osciliator, the FW,
PRT, and PRF are all con-
trolled by the slze of certain
resistors and capacitors, and
the operating characteristics
of the tranaformer. The trans=-
former primary determines
the duratioa and shape of the
output. Because of its impor-
tance in the circuit, let’s
briefly discuss transformer
action and review series KL
¢ircuits. '

[ I |
40 42 44 4 48

REP4~1853

Figure 4-1. Timing Pulses
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Figure 4=2. RL Circuits

4-8. Figure 4-2A shows a transformer with
resistance in both the primary and secondary
circuits. B Sl 18 closed, current will flow
through Rl and L1. As the current rises,
it induces a voltage into L2 and a current
flowa through R4. The voltage across L2

depends on the turns rato between L1 and L2.

4-9, The secondary load impedancs, R3, will
affect the primary impedance through reflec-
tion from secondary to primary. i we in-
crease the load on the secondary {decrease
R2), we also increase theloadonthe primary.
Similarly, 1f we decrease Rl, primary and
gecondary currents increase.

moC—-—~r=os»

4-10. Since T! has an effective inductance
and any change in Rl or R2 will change
the current, we can show Tl as an inductor
and Rl1-R2 as a combined or equivalent
series resistance. The equivalent circuit is
shown in Figure 4-2B. It acts as 2 simple
series RL circuit, and we can discuss it in
those termas.

4-11. In the simple series RL circuit, when
81 18 closed, L acts as an open at the first
instant and the source voltage appears across
it. As current begins to flow, Ep, decreases
znd ER and I increase, all at exponential
rates. Figure 4-3A showa these curves. In
a Hme equal to 3 TIME CONSTANTS (5 x

-hl-i) the resistor voltage and current wiil
be maxdmum, and EL zero.

4-12. I we close 51 in Figure 4-2B the
current will follow curve 1 of Figure 4-3A.
The time regquired for the current to reach
maximum depends on the size of L and Rp.
If R, is small, then we have a long time
constant RL circuit. H we use only a small
portion of Curve 1 (A to B) then the current
rise would have maximum change in a given
tme period. Further, the smalier the Hme
increment, the more nearly linear is the
current rise. A constant current rise through
the coil 18 a key factor in a blocking
osectllator.

4-13. A basic principle of inductance 18 that,
if the rise of curreni through a collis linsar,
that 18, the rate of current rise is constant

REP4-1377

Figure 4-3. Voltage Across & Coll

4-~2
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Figure 4-4. Blocking Oscillator

with respect to time, then the induced voltage
will be constant. This i8 trug¢ in both the
primary and secondary of a transformer.
Figure 4-3B shows the voltage across the
coii when the current through it rises at
a constant yate, Notice that this i= similar
in shape to the timing pulse in Figure 4-1.

4-14, Now, we are ready bdiscussa blocking
oscillator circuit. By definition, a blocking

T N
)
!
[

+

osacillator ia a special type of osctllator which
uses inductive regenerative feedback, with
output duration and frequency determsined by
the characteristics of a transformer and its
relationghip to the circuit, Figure 4-4 shows
the achematic dlagram of a biocking oscil-
lator. This i3 a simplified form used to
discuss circuit operation.

4-15, When power is applied to the circuit
in Figure 4-4, Rl provides forward bias and
transistor Q1 conducts. Current flowthrough
Q1 and the primary of Tl jnduces a voltage
in L2. The phasing dots on the transformer
indicate a 180-degree phase shift, So, as the
bottom side ofL1 is going negative, the bottom
aide of L2 is going positive. The positive
voltage of L2 is coupled to the base of the
transistor through Cl, and @1 conducts harder.
Thia provides more collector current and
more current through Ll. This aection is
regenerative feedback. Very rapidly a voltage
is applied to the base of the transistor that
is sufficlent to saturate the bage. Once the
base becomes saturated, jtloses control over
collector current. The circuit now can be
compared to a amall resistor (Ql) in series
with a relatively large jnductor (L1) or a
series Rl circuit.

4=16. The operation of the circult to this
point has generated a very steep leading edge
of the output pulse. Figure 4-5 ghows the
ldealized collector and base waveforms.

T? T3

cc

COLLECTOR
WAVEFURM

|
I
OOVJ-\
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WAVEFORM

'P"—-
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Figure 4~5. Idealized Waveforms
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Figure 4-6. Circuit Damping

4-17, Once the base of Q1 becomessaturated
the current ritse in L1 18 determined by the
Hme constant of L1 and the total sertes
resistance. From TO to Tl in Figure 4-5,
the current rise will be approximately linear.
The voltage across L1 will be a constant
value a8 long as the current rise through
L1 ts linear.

4-18. At Hme T1, L1 saturates. At this
time, there is no change in magnetic fluxand,
thus, no coupling from Ll to L3. Cl, which
has charged during Hme TO to T1, will
now discharge through Rl (Figure 4-4).
The diacharge of Cl will place a negative
voltage on the base of Ql and cut Ql off.
Thias will cause collector current to stop
and the voltage across L1 returns to zero.

4-19. The length of ime between TO and Tl
ts the pulse width which depends mainly

OVERSHOOT

UNDER CRITICAL OVER
DAMPING DAI:{I;ING DAMPING

A 8 C

bF

on the characteristics of the transformer,
and the point that the transformer saturates.
A transformer i8 chosen that will saturate
at about 10 percent of the total circult cur-
rent. This insures that the current rise is
nearly linear. The transformer controls the
pulse width because it controls the slope of
collector current rise between points TC and
T1. Since TC = L/R, the greater the L,
the longer the TC. The longer the tHme
constant, the elower the rate of current
rise. When the rate of current rise i8 slower,
the voltage across L1 is constant for a
longer Hme. This primarily determines the
pulse width.

4=20, From T1 to T2 (Figure 4-5) transistor
Ql i3 held at cutoff by Cl discharging
through Rl (Figure 4=4). The transistor ts now
said to be “blocked.’’ As Cl gradually loses
its charge, the voltage on the base of Q)
gradually returns to aforwardbias condition.
At T2, the voltage on the base has become
sufficiently positive to forward bias Ql, and
the cycle repeats.

4=21. The collector waveform may have an
inductive overshoot or ‘“parasitc oscilla-
tions’’ at the end of the pulse. When Q!
cuts off, current through L1 ceasee, and the
magnetic fleld collapaes, inducing a positve
voltage at the collector of Ql. These oscil-
latons are not desirable, 80 some means
must be employed to reduce them. The trans=
former DPrimary may have a high DC resist-
ance, and, thus, a low Q; this will decrease
the amplitude of these oecillations. 1t may
be necessary, however, tohave more damping
than a low Q coll alone can achieve. If 80,
a sSwamping or damping resistor canbe placed
in parallel with L1, as shown in Figure 4-8.

4-22. When an externsl resistance is placed
across a tank, the formula for Q of the tank
ctreuit is Q = R/Xy, where R 18 the equi-
valent total circuit resistance in parallel
with L. You can see from the equaton that
the Q in figure 4-8 is directly proportional
to the damping resistance. Damping resistor
R2 is used to adjust the Q and, thus, reduce
the amplitude of overshoot orparasitic oscil-

REP4-1381 latHons. A8 R2 is varied from infinity toward

Figure 4-7, ¥aveform Damping

zero, the decreasing resiatance will 10ad the
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transformer to the point that pulse ampli~
tude, pulse width, and PRF are affected,
If reduced emough, the oscillator will cease
to tunction, By varying R2, different degrees
of damping can be achleved, three of which
are shown in figure 4=7.

4-23, CHITICAL DAMPING gives the most
rapid transient response without overshoot.
This is accomplished by adjusting R2 to
achieve a wavelorm as shown in figure 4-1B.
The resistance will be dependent upon the
Q of the transformer. Figure 4-7B shows
that oscillations, including the overshoot,
are damped out,

4.24. UNDER DAMPING gives rapid tran-
slent response with overshoot caused by high

or infinite resistance. Figure 4~7A shows
underdamping.

4~2%. OVER DAMPING is caused by very
low resistance and gives a slower tran~
gient response and may reduce the pulse
amplitude as shown in figure 4~7C.

4-26. ‘The biocking oacillator we have been
discussing is a frep-running circuit. For
a fixed PRF, we need some means of sta-
bilizing the frequency. One method 13 to
apply externzl synchronization triggers.
Reter to figure 4-8. Coupling capacity C2
feeds input synchronization (sync) triggers
to the base of Q1.

4-27. If we make the trigger Irequency
slightly higher than the {ree-running

R1
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Figure 4-8, Synchronized Blocking Oscillator
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trequency, the blocking oscillator will ‘lock
in’’ at the higher frequency. For instance,
agsume the Iree-running frequency of this
blocking oscillator is8 2 kHz, with a PAT
of 500 microseconds. i syn¢ pulses with a
PRT of 400 microseconds or 2.5 kHz are
applied to the base, the blocking oscillator
will ““lock In’’ and run at 2.5 kHz. H the
gync PRT is too high, frequency division will
oceur. This means that if the sync PRT is
too short, some of the triggers occur when
the base 18 far below cutoff. The blocking
oscillator may then synchronize with every
second or third sync pulse.

4-28, For example, in Figure 4=8, 1f trigger
pulses are applied every 200 microseconds
(5 kHz), the trigger that appsars at T1 is
not of sufficlent amplitude to overcome the
cutoff blas and turn Q1 on. At T2, capacitor
C1 has nearly dischargedand the trigger does
cause Q1 to conduct. Nole, that with 200

microsecond triggers, the output PRT is
400 microseconds. The output Irequency is,
thus, one-half the input trigger pulse fre-

quency, and this blocking oscillator becomes
a frequency divider.
4«29, Refer to Figure 4=6 fortroubleshooting.

Symptom: Parasitic osclllations present at
the end of each pulse.

Cause: R2 maladjusted.

Symptom: No output pulse. Collectorvoltage
of Q1 is 0 volts.

Cause: Q1 shorted or L1 open.

Symptom: No output pulse. Collector volt-

age of Ql equais VCC'

Cause: Q1 open, or L1 or R2 shorted,
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Chapter 5

MULTIVIBRATORS

§=1. Many electronic circults are not in an
“‘on’’ condition all of the time. In computers,
for example, waveforms must be turned on
and off at specific times and for specific
lengths of time. The time intervals vary
from tenths ¢f microseconds to Several
thousand microseconds. Square or rectangular
waveforms provide the switching action,

5-2. This chapter discusses methods of
generating square and rectangular waves,
using multivibrators. There are several
terms and characteristicsof squareand rect=
angular waves that must be discussed prior
to the circuitry itself. Let’s first review
terms you already know; then we will diacuss
new termas.

5-3. Waveforms

5-4. A waveform which undergoes a pattern
of chauges, returns to its original value,
and repeats the same pattern of changes,
is callec apertodic waveform. Each completed
pattern is called a cycle, and the time for
each ¢ycle is called the period of the wave=
torm. The Irequency of the waveform is the
pumber of cycles or periecds completed in
one second.

5«5, Figure 5-1showsasquare wave pattern.
A square wave ig identified by two alter-

1 ]
'----'r 1w O ONE CYLL Bt

nations, equal in time. The amplitude is
measured vertically, and the time of a com-
plete c¢ycle 1is measured between cor-
responding points on the wave (TO to T2,
T1 to T3),

5-8, One alternationis often calleda ‘‘pulse.”’
In thig case, the time for one complete
¢ycle is called the pulse recurrence time
(PRT). Thepulse recurrence frequency {(PRF)
represents how many timesa second the ¢ycle
repeats itself. In Figure 5-1, if each alter-
nation were 200 microseconds, the PRT
would be 400 microseconds and the PRF
would be 2,500 hertz.

Ll
PRF

-L

PRF = PR and PRT =

=7, Figure 5-2 shows a typical rectangular
wave. A rectangular wave has two alter
nations, unequal in time. {Figure 5-2 shows
the negative alternation longer than the
positive, although this could be the other
way around.) If the negative alternation is
300 microseconds andthe positive alternation
is 100 microseconds, the PRT is 400 micro-
geconds and the PRF is 2,500 hertz.

5-8. Another important part of square and
rectangular waves isthe ‘‘transient interval”’
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1
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Figure 5-1, Square Wavea
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Figure 5-2. Rectangular Waves

shown in Figure 5-3. It takes time for 2
voltage or current to change in amplitude,
Tne transient interval 15 the total Hime
required to go from 0 volts to 100 percent,
or from 100 percent of the applied voltage
to 0 volta,

5-90. Transient intervalas occur on the leading
edge of the pulse and on the trailing edge
of the pulse.

S«10. Other names used with transient inter-
val are ‘“‘rise time’ and ‘fall time.’’ Rise
Hime of a waveform 13 defined as the time
% RISE TIME
100 ——

1 -
80 —
70 ==
60 e
50—

—PULSE ¥IDTH—

required for the voltage to build up from
the 10 percent to the 90 percent amplitude
point. Fall time 18 the Hime required for
the voltage to drop from the 20percent to the
10 percent amplitude point. The rise and fall
times of a wave are not necessarily equal.
Figure 5-3 shows rise and fall times of 1
microsecond when the total transient interval
18 3 microseconds.

5-11. Another term is ‘‘pulse width (PW)."
This indicates the length of the pulseintime,
and 13 often expressed as the time between
the half power points (707 times pulse

e TRANSIENT
INTERNAL
= FALL TIME

40 —— TRAILING EDGE
0 —
20— LEADING EDGE
10—=—

0—-—
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ALTERNATION

2 3 405 6789 W1 121305 16 17 1809
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1.3 ALTERNATION
Figure 8-3. Square waves with Transient Intervals
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Figure 5-4. Rectangular Wavea with Tranaient Intervala

peak amplitude). Figure 5-3 showa the pulse
width, measured at the 70 percent pointa,
aa approximately 19.2 microgeconds. In com-
puters, pulse width ia the time between the
two 90 percent amplitude pointa.

5-12. You may ask, ““Why worry about tran-
sient interval ?’ This ias a logical question
and to answer it, look at Figure 5-4.

5-13. Notice that the PW is 4 microseconds
(4 sec), and the rise time and fall ime make
up a large percentage of the pulse time.
This is where the transient interval must be
congidared, The pulse may be as amall as
a fracton of a microsecond, Waveforms like
these abould have a very ahort transient
interval. Thia waveform is usually called
a ‘‘trigger.’’ A trigger ia very narrow, and
is normally used to turn circuits on or off,

5-14. Many timea a circuit must receive
square or rectangular waves; in these cases,
the input coupling ¢ircuit muat pasa the wave
without distortion, Other timea the squareor
rectangular wave ia deliberately distorted,
Whether the aignal ia coupled with or without
distortion dependa on the coupling ctrouit.

5-15. Figure 5-5 shows asquare wave applied
to a series RC eircuit. The waveforms for
long, medium, and short time constants give
a good picture of whether the signal ia
distorted or not. Let'as analyze these - ‘ve-
forma in eloser detail.

5-3

5-16. With an input square wave that has a
PRT of 500 microseconds, each alternation
will be 250 microseconds. The time constant

—
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Figure 5-5. Square Wave Applied to a RC
Clreuit
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of R x C (TC = RC) must be greater than
2,500 microseconds to be a long TC. (Recall
that a long TC exists when the RC product
is 10 or more Hmes the time for one
alternation.) For the long TC shownin Figure
5-5A, notice that ec 18 very small in ampli-
tude and ey 13 approximately the same shape
and ampltude as the input signal. An output
taken across R, then, has little distortion.

§5-17. A medium TC in an RC product that 19
.1 to 10 times the time for one alternation;
in this case, 25 to 2,500 microseconds,
Figure 5-5B shows that ec is larger in
amplitude, and ep 13 no longer square.
An output taken across either component
13 distorted with respect to the input signal.

5-18. For a short TC, the RC product is
.1 {or less) of the time for onhe alternation.
The waveshapes of Figure 5«5C show how
ec resembles the input, but will have rounded
corners. The voltage across R is greatly
distorted when compared to the input. ep
now resembles a trigger, and it can be used
for this purpose. 30, by the proper selection
of components, a square wave ¢an be coupled
to another circuit without distortion, oritcan
be changed into triggers, whichever 13
reguired.

§5-19. A series RL circuit can do a similar
job. Figure 5-8 shows the circuit with the
same square wave laput. Figure 5<8A shows
a long time constant. Recall TC = -k-, and

when the time of-;-' i3 10 or more times one

alternation of the wave, we have a long TC.
er, is the undistorted signal and e has only
a small voltage across it.

5-20. The mesium TC of Figure 5-8B has the
time of the applied square wave alternation
equal to-{_rr Both ¢, and ep are distorted
with re-.ect to the Input.

5-21. For a short TC, %{‘ts one tenth {or
less) of the time for one alternation. Figure
5-8C shows the short TC produces areason-
ably good square wave acrods the resistor
and a trigger across the coil.

6-22. Multivibrators

5-73. The type of circuit moat often used
to 22nerate square or rectangular waves is a

multivibrator. A multivibrator i{s basically
two amplifier circuits arranged with
regenerative feedback, Usually, one of the
amplifiers 18 conducting while the other 19
cut off.

5-24, When an input signal is large enough,
the transistor can be driven into cut off,
and its collector voltage will be almost
VCC' When the transistor 18 driven into
saturation, its collector voltage will be ak it
zero volts. By designing the circuit to make
transistors go quickly from ecut off to jatura-
tion, a square or rectangular wave can be
produced, This princtple 19 used in multi-
vibrators.

5-25. In general, there are three types'of
maltvibrators, according to the number of
steady (stable) states of the circuit. (A
steady state exists when circuit operation is
easentially constant; one transistor remains
in conducton and the other remains cut
off until an external signal is applied,) The
three types of multivibrators are:
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Figure 5-7. Astable Multlvibrator

5-26., ASTABLE. This circuit has no stable
state. With no external signal applied, the
transistors alternately switch from cut off
to saturation, at a frequency determined by
the RC time constants of the coupling cirecults.

5.27. MONOSTAELE. As the name implies,
thig circuit has one stable state with one
transistor conducting and the other cut off.
A signal must be applied to change this con-
dition. After a period of ime, determined by
the internal RC components, the circuit will
return to its original condition where it
remains until the next signal arrives.

5-28. BISTABLE. This multivibratorhastwo
stable states. It remains in one of the stable
states until a trigger is applied, then it goes
to the other stable condition to remain there
until another trigger is applied to change it
back to its first stable state.

5=-28, Astable Multivibrator

5-30, The astable multivibrator is used to
produce Square wave outputs used in gating.
Due to relatively unatable frequency, in cir-
cuits where accurate timingis necessary,the
trequency is stabilized by using an input trig-
ger - of stable frequency = to begin each
output square wave, Figure 5~7 shows a
ccllector-coupled astable multivibrator using
NPN transistors, connected in a common
emifter configuration. The collector voltage
of each transistor 18 coupled back tothe base
eircult of the other transistor. Thisprovides
regenerative feedback. Rl and R4 are the
collector load resistors; R2 and R3 provide
the forward bias for the transistors; and Cl
and C2 are the coupling capacltors. As. .iae
that Q1 = Q2, Rl = R4, R2 = R3 and Cl1 = C2.

$-31. When V¢ i8 applied, both transistors
will conduct. Current will flow through the
load resistors, Rl and R4, and the col-
lector voltage on each transistor will drop
to some value below V. Since no two cir-
cults can be exactly balanced, assume Qi
conducts harder than Q2, causing the col-
lector voltage of Gl to decrease. C2, as it
discharges through R3, couplesthis negative-
going signal to the base of Q2. This negative
voltage will cause Q2 to cut off, and the
collector voltage of Q2 will increase to Vog-
Cl charges to Vccthrcmghthe forwardbiased
junction of Ql. Ql is now saturated and Q2
is cut off. This condition continues until C2
discharges enough to permit the emitter~
pase junction of Q2 to become forward
Biased, When Q2 atarta to conduct, its
collector voltage de creases, causing Cl to
discharge through R2. Discharging Cl couples
a negative-going signal to the base of Ql,
causing it to cut off. As @l cuts off, its
collector voltage increasges toward Voo and
C2 charges to this value. Now, QI is cut off
and Q2 is conducting at saturation, The cir-
cult .remains in this state uantil Cl s~
charges encugh to permit Ql to conduct, and
the cycle repeats.

5-32, Figure 5-8 shows the waveshapes for
Figure 5-7. Note, that when the collector
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Figure 5~8. Astable Multivibrator Waveshapes




voltage of Ql is near 0 volts, the collector
voltage of Q2 18 at V... These waveshapes
indicate that Q1 i8 saturated (‘‘on’’ condition)
and Q2 is cut off (“off”’ condition) from TO
to T1. The opposite conditions are shown
between T1 and T2 (Ql ‘‘off’’ and Q3 ““on’’).
Refer once again to time TO-T1 and note
that while Q2 is cut off {collector voltage at
Vo) the base waveshape for Q2 (VBgz)
indicates a negative signal, going toward 0
volts., This waveshape is a result of C2
discharging through R3, placing a negative
signal on the base of Q2. Also, the base
voltage of Ql (T0-T1) indicates a posttive
voltage which is enough to keep it saturated.
At T1, Q2 conducts, causing Cl to discharge,
resulting in a negative voltage on the base
of QL {Vpgl). This action causes Ql to cut
off. From Tl to T2, Ql is cut off and Q2
in conducting. The circuit rematns in this
conduction until C1 discharges enoughtoallow
Ql to conduct, at T2, Note that the collector
voltage of Ql does not go immediately to
Vee when it is cut off. The rounded portion
of the waveshape is caused by C2 charging
to V... Therefore, the coupling capacitors
a.ftec? ('Ehe high frequency response of the
circuit.
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5-33. The primary factors affecting the PRF
and PRT of the circuits are the coupling
components. The time each transistor is cut
off depends on its time constant: Cl-R2
for Ql and C2-R3 for Q2. I Cl or R2is
increased, the cutoff time of Ql is increased.

5-34. Some astable multivibrators musthave
a high degree of frequency stability. A method
of obtaining a greater degree of frequency
stability is to apply triggers. Figure 5-9
gshows the schematic diagram of a triggered
astable muitivibrator using PNP transistors.
At time TO, the negative input trigger to the
bagse of Ql causes Ql to go into gatura-
tion, which drives Q2 to cut off. The circuit
will remain in thig condition as long as the
bhage voltage of Q2 is positive, determined
by C3, R3, and R6. Observe the parallel
paths for C3 to discharge.

5=35. At time Tl, Q2 comes out of cutoff
and goes into gaturation. Also, Q1 comes out
of saturation and is cut off. The base voltage
waveform of QL (Figure 5-9)shows a positive
potential that is holding QL cutoff. This volt-
age would normally hold Ql cutoff until a
point between T2 and T3. However, at time
T2, another trigger is applied to the base
of Ql, causing it to begin conducting. Q!
goes into saturation and Q2 is cut off. This
action repeats each time a trigger is applied
{T2, T4, T8).

95-36. The PRT of the input triggers must
be shorter than the nahiral free-running
PRT of the astable multivibrator, or the
trigger PRF must be slightly higher than the
free-running PRF of the circuit. This js to
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Figure 08«10, /Mastable Muitivibrator (PNP)
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make certain the triggers control the PRT
of the output.

5-37. Refer to Flgure $-10 for the discussion
on troubleshooting. Assume normal operation
13 free running, with a square wave output
obtained from the collector of Q2.

5-38. Symptom: The negative alternation of
the output is longer than normal.

Cause: The moast logical reason 18 elther
R2 or C2 has Increased in size.

-Symptom: Vo ot Q2 is high and V . on Ql
18 very low. This iIndicates that Ql is
saturated.

Cause: The most likely cause is R3 or Q2
open.

5-390. Monosgtable Multivibrator

5-40. The monoatable multivibrator 1s a
square or rectangular wave generator with
one stable condition. With no input signal
{quiescent condition), one amplifie. ¢onducts
and the gther 1s cut off. When an exiernal

trigger 13 applied, the multivibrator will.

change state for a period of time determined
by an RC eircuit, and then it will return to
its stable state, where it will remain until
triggered again, One trigger Input causesa
full eycle output.

541, The monostable multivibrator 1s used
where it 18 necessary to maintain a constant
frequency (PRF), yet have a variable gate
output (variable ‘‘on’’ and “off”’ times).
This ecircuit 18 frequently used as a ‘“vari-
able gate generator.”

§«42, Figure 5«11 shows a monostable multi«
vibrator edrcuit with its ouraut waveshape.
Nhen power is applied to the circuit, Q2
will zonduct and Q1 will be cut off.

$-43. Confirm this by checking the forward
btas arrangement for the transistors: The
Q2 forward bias is conventional, using R2;
the Q1 blas yames voltage « divider network
R3-R4-R5, connected between +VoC ~ad
-Vpp. Since the circuit uses a negative
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Figure 5-11. Monostable Multivibrator with
Waveshapes

Ve, it 1s possible for the voltage on the
base of Ql to be positive OR negative with
respect to the emitter (ground). When Q2
conducts, its collector voltage 1s near 0
volts; this causes a negative voltage on the
base of Ql, holding it at cut off. The stable
condition of the clrcuit is Ql cutoff and Q2
cnnducting (T0, Figure 5-11B).

5«44, The positive input trigger appliedtothe
hase of Ql causes Ql to conduct. The col-
lector wvoltage of Q1 decreases to almost 0
volts, and this negative-going signhal is
coupled by C2 (discharging through R2) to
the base of Q2, which cuts Q2 off. The
collector voltage of (2 now Increasestoward
+V c Now, voltage divider R3)-R4-R5 con-
duction results in the base of Q1 being posi-
tive with respect to its emitter. This voltage
keeps Ql coaducting until C2 discharges
enough to allow Q2 to conduct once again
(T2, Figure 5-11B}). When Q2 conducts, its
collector voltage decreases, and the base of
Ql becomesnegative, resulting in Q1 being cut
off. The clrcuit 13 again in its quiescent
condition, and it will remain there until




Figure 5-12. Monostable Multivibrator
Waveforms with Variable Gate

another
5-11B).

trigger 18 applied (T3, Figure

5-45, The output frequency 18 controlled by
the input trigger {requency. Internally, the
point at which the circuit returns to the
stable state determines the gate width; thia
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Figure 5-13. Monostabie Multivibrator
with Waveshapes

is controlled by the RC time constant of C2
and R2. Figure 5-12 shows the relationship
between the trigger and output signal. Part
A ghows the input triggera; parts B and C
illustrate different gate widths. Notice that,
while the duration of the gate 18 different,
the duration of the complete cyele i+ the
same as the trigger PRT. Part D of Figure
5-12 indicates that the trailing edge of the
positive alternation 13 variable,

$-468. Anotherversionofthe monostable multi-
vibrator 18 shown in Figure 5-13. In ita
stable condition (at TO), Ql 13 cut off and
Q2 1s conducting. The input trigger (positive
pulse at T1), applied to the collector of QL
and coupled by Cl to the base of Q2, cuts
Q2 off, and the collector voltage of Q2 will
go toward -Voo The more negative voitage
at the collector of Q2 will forward bias Ql,
and collector voltage of Ql will go to about
0 volts., Cl will now discharge and keep Q2
cut off. Q2 remains cut off until C1 diachargea
enough to allow Q2 to conduct again (T2).
When Q2 condusts again, ita collector voltage
will go towaid 0 volts and Q1 will be cut
off. Thus, the circuit returns to its quiesacent
state and has completed a cycle. The ¢ir-
culit will remain in thig stable state until
the next trigger arrives (T3).

5-47. Note that R3 1s variable to allow
adjustment of the gate width. Increasing R3
increases the diacharge time for Cl which
increases the cutoff time for Q2. Maling
A3 larger, therefore, widens the gate. To
decrease the gate width, decrease R3.

5-48. The following symptoms will be caused
by the componenat iisted. Use Figure 5-13.

No ocutput waveshape | No input triggers, C}
Vc Q1 High Vo Q2 Low| open@!open, R4 open
<= | RS open, or Rl short.

No output waveshape
Ve Ql Low VCQ2 High

No output wayeshape
Ve Q1 Low VoQ2 Low

¥

R2 open, R3 open, Q2
open, or RS short.

Rl open, Cl short,or
Q1 short,.
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Figure 5=14, Bistable Multivibrator with
Circuit Values Indicated

§-40. Bistable Multivibrator

5-60. The bistable circuit, agthe nameimplies,
has two stable states. If a trigger of the
correct polarity and amplitude is applied, the
circuit will change state and remain there
untll triggered again, The trigger need not
have fixed PRF; in fact, triggers from dif-
ferent sources, occurring at different times,
can be used to switch this circuit, The bi-
stable multivibrator 18 used extensivelyasa
counter and storage register in digital
equipment.

5-51. The HKstable multivibrator cireuit is
shown in Figure 5=14, In this circuit Rl and
R? are the collector 1oad resistors. Voltage
dividers Rl-R2=-R5 and R7-R6=-R3provide for=-
ward bias for Q2 and Q1 and also couple the
collector signal from one transistor tothe base
of the other. Observe that this 18 direct
coupling of the feedback. This type of coupling
1s required because the pgircuit depends on
input triggers for operatior and not RC time
constants inside the circuit. Beth transistors
use common emitter reststor R4 which pro-
vides emitter coupling. €1 and C2. couple
the input triggers to the transistor bases,

5-52, Notice that the circuit is nearly srm-
metrical, aince each transistor amplifier has

5-9

77

the same component values. When power 1is
tirst applied, the voltage divider networks
place a negative voltage at the bases of Ql
and Q2. Both transistors have forward blas
and both conduet.

5=53. Due to the slight ditference between the
two circuits, one transistor will conduct harder
than the other. Assume that Q1 conduets harder
than Q2. The increased conduction of Q1 causes
the collector voltage of Q1 to be legs negative
(more voltage dropacross Rl. This decreases
the forward Pas of Q2 and decreases the
conduction of Q2. When Q2 conducts less, its
collector voltage goes more negative. The
negative=-going change at the collector of W2
18 coupled to the base of Q1 and causes Q1
to conduct still harder. This regenerative action
continues unil Q21iscutoff andQl1s saturated.
The circuit is then in a gtable state and will
remain there until a trigger 1s applied,

5-54. At TO, Figure 5-15, current through Q1
causes a 1V drop across R4, which places a
=1V potential on the Q2 emitter. The col-
lector of Q1 1s at -2V, which 18 dropped
across R2 and RS, 80 that the base of Q2 1s
~0.9V. With its base at -0.9V and emitter at
=1V, Q2 13 reverse-blased (cut off), Note the
Q2 collector 1s at 11.7V {0.3V drop across R7)}
and the QI bhase potential is =1.3V, making
a 10.4V drop across RE due to Q1 base=-to-
emitter current.
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Figure 5-16. High Frequency Compensation Network

5-55. At T1, a negative trigger is appliedto
both bases through Cl and C2. The trigger
does not affect Q1 since it is already con-
ducting. The trigger overcomes cutoff bias
on Q2 and causes it to conduct. As Q2 goes
into conduction, its collector rises to ~2 volts.
The positive going change at the Q2 collector
causes reverse bias on Q1 and its collector
voltage drops to =11.7 volts. The switching
action causes a very rapid change of state with
Q2 now conducting and Q1 now cut off.

5=56. At T2, a negative trigger is again
applied to both bases. This time Q1 is brought
into conduction and the regenerative switching

action cuts off Q2. The bistable multivibrator
will continue to change states as long as
triggers are applied. Notice that two input
triggers are required to produce one gate;
one to turn it on and the other to turn it off.
The input trigger frequency is twice the output
frequency.

5-57. The transient interval (the time it takes
the transistor to go from cut off to satura-
tion, or vice versa) is limited by the inter-
element capacitance between the base znd
emitter (Cgp). The switching action can be no
faster than the time required to charge the
interelement capacitance. Thisleadsto rounded
corners of the waveforms. It also represents
loss of the high frequency componeats of the
square or rectangular waves.
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§-68. In Figure 5-18, the base circuit of Q2
(Figure 5-14) 18 redrawn. The base voltage on
Q2 can change oniy at the rate that Cgp charges.
To charge Cep current must flow through Rl
and R3. This sets up an RC time constant.

The load resistor 18 relatively small (2.2k) .

and Cgqp {8 relatively small (a fow picofarads).
But R2 is large (39k), which makes the time
constant long enough to cause rounding of the
corners. This i3 referredtoas ‘‘high frequency
losa.”

5=59. To allow the intervlement capacitance
to charge faster, the opposition in its charge
path must be reduced. A method commonly
used is to bypass R2 with a capacitor. Figure
§=-16B shows C3 connected across R2. C31is
a low impedance to the high frequency com-
ponent of the square wave. C3 effectively
removes RZ from the circult during a fast
change, and allows Cgy, to charge faster, re-
ducing the rounded corners of the output
waveshape.

5=80. Refer to Figure 5-14for troubleshooting.

Symptom: Positive triggers at the collecter of
Q1, and negative triggers at the frequency

of the Input triggers at the collector of Q2.

Cause: R6 open, Ql will be cut off and Q2
will be conducting. Negatlve triggers are
amplified and inverted by Ql and cause Q2
to cut off for the duration of the triggers.
No gate 18 produced due to the absence of
feedback.

Symptom: Q1 collector to ground measures O
volts, Positive-going triggers at the col=
lector of Q2.

Cause: Most likely Rl is open. With Rl open,
Q1 has no direct path for ¢urrent flow. The
base of Q2 1s at ground potential through
RS. Negative input triggers cause Q2 to
conduct but no feedback occurs.

$5=-61. SCHMITT TRIGGER

5-82, Usually as a result of the effects of
stray capacitance, square and/or rectangular
wave gignals tend to become rounded on the
leading and lagging edges. When this happeans,

& 5=11

a Schmitt Trigger circuit can be used to
restore the algnal to its original wshape.

§-83. Operational characteristics of the Sohmiit
Trigger are very similar tothe multivibratora
you have just studied. However, the few basic
differences can be readily seen by observing
Figure 5-17.

5«64, Note in this circuit that, like the multi-
vibrators, coupling 1s provided between the
collector of Q1 and base of Q2. However,
unlike the multivibrators, no coupling is
provided from the collector of Q2 to the base
of Ql. But, coupling is provided from Q2 to
Ql, and from Q1 to Q2 through common
emitter resistor, RT.

§=65. For the present, disregard the input and
output gignals. Note that the base of Q1 is tied
to a positive voltage through R2, and the
emitter 18 tied to a negative voltage caused
by the current flowing through Q2 and R7.
Therefore, Q1 18 reverse biased and cut off.
Vc@l then, without aninputsignal,is approxi=
mately equal to ~Vee. Q2, on the other hand,
is biased very near (or at) saturation by the
current flowlng from -V, through R3, through
R4, through the emitter-vase junction of Q2,
through R7, to +Vgg. And, VQ2 is very near
zero volts without an input signgl.

5-86. Now, apply the input signal to the base
of Q1. Originally, the negative going signal is
insufficient to overcome the reverse bias on
Q1. However, at TO of the input signal, the
amplitude is sufficlentto cause conductionof @1,
Ql becomes saturated and V.Q: very nearly
equals zero volts. The combination of change
in VoQl and +Vpp on the base of Q2, cuts
Q3 oﬂ and VCQPvery nearly squals ~Vee.

5=87. At T1 of the input signal, the amplitude
15 recuced to the point that Q1 again ¢uts off,
and VcQl returns to near «Veg. This change
is coupled to the base of Q2; Q2 becomes
saturated, and VCQ2 returns to very nearly
zero volis.

5-88. Cl in this circuit 19 for the same pur-
pose as the high frequency compensating
capacitors you studied in the Bistable multi-
vibrator. For high frequency changes onthe QJ




collector, Cl bypasses R4, and allows these
_changes to be felt immediately on the base of
Q2, thereby preventing ‘‘rounding”’ of the
signal we are trying to make square.

5-69. The input and ouiput signals of Figure
95-17 show a fairly accurate picture of what
the Schmitt Trigger does. The rounded input
signal 18 changed to a square wave of approxi-
mately the same pulse width and PRT.

5-70. Schmitt Trigger circuits are also widely
used as voltage-level sensing circuits. When
so used, if the input voltage rises above or
falle below a specified level, the Schmitt
Trigger produces an output; and, the output
signal produced wouldactivate a warning device.

9-71. Troubleshooting the Schmitt Triggercir-
cuit is aimple if vou have mastered amplifier
principles and the troubleshooting techniques
of other eircuits previously studied. However,
the following symptoms, causes, and reasons
should serve as a good review.

Symptom: No output; VQ2 remalns very near,
or at, zero volta.

Causes: (1) R open. All of Vo would be
dropped across RS, leaving none to be
dropped across Q2.

(2) B3 shorted, In thia case, VcQl would
remain at -Voo, keeping Q2 saturated,
and VQ2 very nearly equal to zero volts.

(3) R4 or Clshorted. These two components
are in parallel; therefore, if either is

shorted, both are shorted, And, with this
reducton in resistance between the col-

lector of Q1 and base of Q2, forward blae
on Q2 would be increased to the point that
the input signal would not canse Q2 to cut-
off. There 18 also a good possibility that
this malfunction would cause structure break-
down of Q2.

Symptom: No output; V-Q2 1s at or very near
-V
cc

Causes (1} R8 shorted. A shorted R6 would
drop no voltage, leaving all of -V to be
dropped across Q2.

(2) R3, R4, or RT open. With either of
these resistors open, there would not be a
complete path for forward bias current.
Q2 would be cutoff and VeQZ would be
very nearly equal to Voo

(3) Q2 open. Applied voltage (-Vocin this
case) is dropped across an open component.

Symptom: V-Ql remains at or near -Vcg;
VQ2 remalns at or near zero volts.

Cauge: (1) Rl open. Input signal bliocked.

(2) Ql open. Self-explanatory.
(3) R2 shorted, Reverse bias would be too
high (+Vpp on N type base) for input signal

to overcome.

Symptom: High frequency distortion (rounded
edges) in output,

Cause: €1 open. Review paragraph 5-67
above for explanation.

72



Chapter 6

N

TIME BASE GENERATORS

6-1. Radar sets, oscilloscopes, and computer
circuits all use sawtooth (voltage or current)
waveforms. Sawtooth waveshapes must have
linear rise characteristics. The sawtooth wave-~
form is often used to produce a uniform,
progressive movement of an electron beam
across the face of an electrostatic cathode
ray tube. The movement of the electron beam
is called a ‘‘sweep.’”” The wvoltage which
causes this movement is a sweep voltage, and
the circuit which produces the sgawtooth is
called a sweep generator, or time bage gene-
rator. Most common types of time base gene-
rators develop the sawtooth waveform with
either the charge or digcharge of an RC or
aL elrcuit, using some type of switching
action.

6=-2. Sawtooth Wave

6-3. A sawtooth wave can be generated by the
use of an RC network. Possibly the simplest
sawtooth generator is that which i8 shown in
Figure 6-1A. Assume that at time TO, S1 is
placed in position A. At the first instant,
E; appears across R; C begins to charge
toward E; through R, If Sl remains clogeqd
long enough, C will chargeto Eg. You remetmber
that it takes 5 time constants for a capacitor
to fuily charge. In charging the capacitor
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Figure 6-1. Serles RC Circuit

to the applied voltage, the rate of charge
follows an exponential curve, If we desire
a linear voltage, we cannot use the full eharge
of a capacitor.

6-4. During the first 10 percent of the charge
curve, the rate of voltapge change across the
capacitor {8 almost constant. In Figure 6-14A,
suppose that we place 81 in position & at time
TO and allow © to charge for .1 time con-
stants. This is shown as TO to T! in Figure
6=-1B. Notice that the rate of voltage change
across C is nearly constant between time
TO and T1. Now, assume that at Tl we move
the switch from position A to position B, This
shorts out the capacitor and it discharges
very rapidly. If we place the switch back in
position A, the capacitor will start charging
agaid.

6-5. By selecting the size of R and C, we can
have a time constant of any value we desire.
Further, by controlling the tirme S1 is left
closed, we can have a sawtooth of any duration.
In Figure 6-3, if one time constant ia 1,000
microseconds, to obtain a reasonably linear
sawtooth, 31 should be closed no longer than
100 microseconds. In this example, Cl would
charge to nearly 10 volis in.! time constant.

6-6. There are some special namess andterms
associated with the sawtooth used in oscil-
oscopes, 80 let’s define terms before going
any further. Figure 6-2 shows a sawtooth
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Figure 68-3. Universa)l Time Constant Chart

wavelorm with various dimensionslabeled. The
duration of the rise of voltage (TO to T1)
18 called the aweep time or electrical length.
It 18 during this time that the electron beam
of an oscilloscope moves zcrosa the face ofthe
cathode ray tube. The amount of voltage rise
per unit of time is referred to as the slope
of the waveform. The time from Tl to T2
is the capacitor discharge time and is called
‘fall”’ time or ‘‘flyback’’ time. The reasonfor
the name flyback time i8that the electronbeam
returns or “‘flies’’ back to the origin during
this time.

6=7. The amplitude of the rise of voltage ig
called the physical 1ength, it 1s calledphysical
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length because the greater the peak voltage the
greater the physical distance the beam will
move. For example, it takeas twice the voltage
to move an electron beam 4 {nches as it does
to move the beam 2 inches across the face of
a given CRT.

8=8. The voltage rise between TO to T} ia the
slope of the wave. The linearity of the rise
of voltage i8 determined by the amount oftime
the capacitor is allowed to charge. By keeping
the time for charge short (10 percent or less
of one TC}) the linearity 1s reasonably good.

8=9. In the discussion of time base generators,
it was stated that the waveform producedfrom
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Figure 6-4. Transistor Sawtooth Generator




any sawtooth generator must be LINEAR. A

linear sawtooth 15 one that has an equal change
in voltage for an equal change in time. Refer-

ring to the Universal Time Constant Chart in

Figure 1, we find that the most desirable

part of the charge curve 18 the first one-

tenth (.1) of the first TC.

6=10. Referring totigure 6=4A, a Transistor
Sawtooth Generator, Rl 18 a forward blasing
resistor for Q1, Cl1 18 a coupling capacitor,
<1 18 gserving as a switch for the RC network

conaisting of 2 and C2. With forward hlas
applied to Q1, it will be conducting at satura-
tion and its coilector voltage (the output)
will be near zero volts as indicated by the
waveform (figure 6-4B), The charge feit by Cl
will be near zero., In order to cut Ql off and
allow C2 to charge, a negative gate i8 applied
to the base of Ql. The length of time that the
gate 18 negative will determine how long Ql
will remain cut off and in turn, how long C2
will be allowed to charge. The length of time
that C2 i1s charging 18 referred to aa the
ELECTRICAL LENGTH of the sawtooth thatis
producedd.

6=11. The amplitude of the sawtooth that is
produced 18 a direct function of the value of

VcC that 18 used 1in the circult. As an

" Increase in
Sate Length

7S

sxample, 1f the voltage 15 +30V and the capacitor
18 allowed to charge to 10% of 30V, then the
amplitude of the asawtooth will be 3V (mee
Figure 8-4),If Vo 18 increased to 40V, C2
would charge to 10% of 40V and the output
would increase in amplitude to 4V. Changing
the value of Voc In the circult will change
the amplitude of the sawtooth waveform that
18 produced, and amplitude determines the
PHYSICAL LENGTH. Since the number of time
constants used in the circuit has not been
changed, LINEARITY will NOT change with a
change in Vo,

6=12. The LINEAR slope that is produced by
the circuit is dependent on two variables;
the time constant (TC) of the RC circuit and
the GATE LENGTH of the gate applied to the
circuit. For the circult to produce a LINEAR
gawtooth waveshape the components gelected
should be such that ounly one=tenth of one TC
or less is used. The length of Hme that the
gate 18 applled to the circuit will control the
time that the capacitor 1s allowed to charge.
The wvalue of R2 and C2 will determine the
time for one time constant (TC=RC). To
determine the number of Hme congtants (or
the fracton of one TC) that are used, we
divide the time for one time constant into the
time that the capacitor 13 allowed to charge,

Decroase in

i Gate Length

11

Relationship of Gate Length to Linearity

6-3




or #TC = .In figure 6-4B,

length 18 500 microseconds and TC i9 the
product of R2 (5k) and C2 (1 uf). The number

10-6
of time constants #TC = §_0Qx_ﬂ_ and

5 x10

gate

gate length

therefore, #TC = .1.

8-13. Using the formula #'1'c=3‘"—“5.1;——"glh 1t

is Seen that with an lncrease in gate length,
the number of time constants will increase.
With an increase in the number of Hme
constants, LINEARITY will decrease. The
reason for this is that C2 now charges to a
greater percentage of the applied voltage anda
portion of the charge curve 18 being used that
is less linear. Observing the wavelorm in
iigure 8-5A, we see an increase in amplitude
(PHYSICAL LENGTH), an increase in the time
that C2 is allowed to charge (ELECTRICAL
LENGTH) and a decrease in LINEARITY. K
gate length 18 decreased, figure €=5B, there 15
an increase in LINEARITY, a decreass in the
time that C2isallowedto charge (SLECTRICAL
LENGTH), and a decrease in amplitude (PHY-
SICAL LENGTH), as a result of using a
smaller percentage of Voc.

6-14. Changing the value of R and C in the
circult affect LINEARITY since they control

Increasing

the time for one time constant. Example:
Byincreasingthe value of C2 in the circult,
Figure 6-6A, the time for one time constant
would increase and the number of time constants
would then decrease. With a decrease in the
number of time constants, LINEARITY will
increase. The reason for this is thata smaller
percentage of Yoo 19 used, and the circult 19
operating in a more linear portion of the
charge curve. In increasing the value of the
TC (C2 or R2), the amplitude of the saw-
tooth (PHYSICAL LENGTH)decrease. Hecause
C2 now charges to a amaller percentage of
VCC for a given time. ELECTRICAL LENGTH
remains the same because we have not changed
the length of time that C2 isallowedto charge.

8-15. Decreasing the value of the TC (R2
or C2), tiguve 6-8B8, will result in an increase
in the number of time constants and there-
fore cause LINEARITY to decreage. Anytime
there 18 an increase in the number of time
constants, percentage of charge will increase
{(Untversal Time Constant Chart), and ampli-
tude (PHYSICAL LENGTH)willincrease. With-
out an increase in gate length, the time that
C2 18 allowed to charge through R2 remalns
the Same, therefore ELECTRICAL LENGTH
remains the same. LINEARITY will be affected
by gate length, ‘he value of R, and the value
of C but will not be affected by changing the
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Figure 6=6, Relationship of R and C to Lirearity
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value of Voo, Increaeing the zats length will
decrease LINEARITY and decreasing gate
length will increase LINEARITY. Increasing
R or C in the circuit willincrease LINEARITY
and decreasing R or C in the circuit will
decrease LINEARITY.

6-16. The entire time of the sawtooth, from
the point where the capacitor begins charging
(TO, Figure 6-7) to the point where it starts
charging again (T2), is the PRT of the wave.
The frequency of the sawtooth wave i8 equal

. 1 -
to one over the time, or PRF-—PRT

6-17. Untjunction Sawtooth Generator

6-18. So far, we have determined that a
gwitch and an RC network can generate a
gawtooth waveform. When using a unijunction
transistor as the switch, a simple sawtooth
generator looks like the circuit in Figure
6-7A, and the cutput waveshape like Figure
6-7B.

6-19. When the plus 20 volts is applied across
B2 and Bl, the voltage distributes evenly,
and a voltage of 12.8 volts appears at the N
type bar near the emitter. At the first instant,
C1 has no voltage zcross it 80 the output of
the circuit, which istakenacross the capacit-r,
i8 equal to zero. The voltage across ClI is
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. alao the voltage that 8 applied to the

6-5

of the unijunction. The unijunction is now
reverse biagsed. After time TO, Cl1 begins to
charge toward 20 volts. '

6-20. A{ time T1, the voltage across the
capacitor (the voltage on the emitter) has
reached about 12.8 volts. This 18 the peak
point for the unijunction, and it now becomes
forward biased. With the emitter forward
biased, the impedance between emitter and Bl
18 now just a few ohma. This 18 similar to
placing a short across the capacitor. The
capacitor discharges very rapidly through
the low resistance of Bl to E.

6-21. As C1 discharges, its voltage decreases
and the voltage - from emitter to El also
decreases. QI will continue to be forward
biased as long as the voltage across Cl is
larger than the valley point of the unijunction.

6-22. At time T2 the 3-volt valley point of the
unijuncton has been reached. Now, the emitter
becomes reverse bhiased and the impedance
from emitter to Bl returns to a high value,
Immediately aftertime T2, Ql18 reverse bias. -
and the capacitor has a charge of approxi-
mately 3 volts. C1 will now start to charge
toward 20 volt as it did originally. This 1s

shown from T2 to T3 in Figure 6-7E,
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Plgure §-8. Improved Sawtooth Generator
8-23. The circuit operation {rom nowonis just
a2 continuous repetition of the actions between
T2 and T3. The capacitor charges until the
emjtter becomes forward bjased, then theuni-
junction conductsand C1 dlascharges, then Q1

becomes reverse blased and C1 again starts

charging.

8-24. Now, let’s determine the linearity,
electrical length, and amplitude of the output
waveform. First, the linearity: ¥ Cl were
allowed to charge to the full 20 volts, it would
take 5 time constants (R x C x 5). Inthe
ciredt in Figure 8-7B. Cl1 is allowed to
charge from T2 to T3. To find the per-
centage of charge, use the equation:

E peak - E valley

x 100 =

This works out to be zbout 57 percent. This
is far beyond the 10 percent required for a

8-6

linear aweep voltage. Our linearity is very
poor in this example,

6-25. The electrical length {(sweep time),
which 18 measured from T2 to T3, can be
found by multiplying R x C x the mumber of
time constants. Refer to a Universal Time
Constant Chart to find that 57 percent is
.83 TC., Multiplying .83 x Rl x C1 you will
find that the electrical length 18 about 20
milliseconds.

6-26. The physical length (amplitude)is deter=
mined by subtracting the valley point from the
peak point. Thia 1a 9.8 volts in our example.

8=27. For a sweep generator that produces
a more linear output sawtooth waveform, refer
to the circuit in Figure 6-8A. Rl and C1°
form the RC time constant. Notice that the
capacitor charges toward 35 volts in this
clreuit.

6~-28. The output waveform 18 shown in Figure
6-8B. With a lower voltage xuplied from
BASE 1 to BASE 2, the peak and valley
points are closer together. Calculating the
percentage of charge:

-E
Ep }

E,~ E,

5.3-2
35 -2

3-3-'%1&100-110%

X100 =

x 100 =

INPUT
€2 TRIGOERS

Figure 6-8. Synchronized Sawtooth Generator
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Linearity is good. Using a Universal Time
Constant Chart, 10 percent charge amounts to
.1 time constant. The electrical length is,
again, R x C times the npumber of time
constants. With R1 being 300k ohma and €1
being .005 microfarad, the time constant i8
1500 microseconds. One tenth of a time
constant i3 equal to 130 microseconds, 80 the
electrical length is 150 microseconds. PRT
is the electrical length plus the fajl or fly~
back time. I it takes 15 microseconds for
Cl to discharge from 5.3 volts to 2 volts,
PRT is 150 + 15, or 1656 microseconds.

The frequency I3 PRT Or about 8 kHz.

6-28. To obtain a very stable PRF some
unifunction eircuits are triggered. One method
is to apply triggers to BASE 2; see Figure
6-5. Negative triggers applied to B2 reduce
the interbase voltage enough to cause aforward
bias condition in the emitter circuit. This
cuts off the saweep and allows 1 to discharge
through the Ble-to-emitter circuit, Then, €1
recharges until the next trigger arrives, and
€1 discharges.

§-30. Transistor Sawtooth Generator

6-31. Our next sawtooth Eenerator uses a
conventional PNP transistor, see figure 6-10.
#eo still use an RC network, and the tran-
sistor provides the switching action.

6-32. The waveiorms for the circuitare shown
in figure 8-10B and €. With no input signals,
@1 i3 biased near saturation by Rl. The
voltage across Cl1 is very low (-2.5 volts)
because load resistor RY drops most of the
applied voltage. The transistor must be cut
off to allow Cl to charge. To cut Q1 off,
we yse a positive rectangular wave.

6=-33. Since Q1 is a PNP transistor, a positive
voltage must be used to drive it to cutoff,
Figure 6-10B shows a rectangular wave input,
500 microseconds long on the positive alter-
nation and 200 microseconds long on the nega~
tive alternation. At time TO, the positive gate
applied to the base of Q1 cuts Q1 off. This
effectively removes the transistor from the
circuit (opens the switch), and C1 cha.zes
through R3 toward 20 volts. Starting with a

6-7

Figure 8-10, Transistor Sawtooth Generator

charge of =2.5 volts at time TO0, Cl charges
(TO to T1) for 500 microseconds to -4.25
volts at time T1. Let's determine the percent
of charge:

Ecmax-E min
X100 =

VCC - EC min

4025 - 205‘ x 100 =

20 -25

1.75 _

s X 100 = 10%

This, then, is nearly & linear rise of voltage
across C1.

6-34. Increasing the value of R3 or 1 will
increase the time constant. The capacitor will
not charge to as high a voltage in the same
period of time. Decreasing the width of the




aLfcYRICaL
] LEMGTH i

| '
To Tn

Figure 6-10. Trapezoidal Waveform

gate, and maintaining the same time constant,
will also prevent the capacitor from charging
as much. With less charge on the capacitor,
and the same voltage applied, linearity has
been improved. Decreasing R3, Cl, or in-
creasing gate width will decrease linearity.
Changing the applied voltage will change the
charge on the capacitor. The percentage of
charge will remain constant; howevar, not
affecting linearity.

6~35. At time T, the positive alternation of
the input gate ends, and @l returns to a
forward bias condition. A transistor that is
near saturation has very low resistance, so Cl
discharges rapidly between Tl and T2, see
figure 6-10C. The capacitor discharges inless
time than 200 microseconds, the length of the
negative alternation of the gate. To insurethat
the circuit has returned to its original con-
dition, the negative gate is made longer than
the capacitor's discharge time.

6-36. From time Tl to T2, the capacitor
discharges and the circuit returns to its
original condition, ready for another positive
gate to arrive. The next positive gate arrives
at T2 and the actions repeat.

68-37. The amplitude of the output sawtooth
wave is equal to 1.75 volts (4.25 volts minus
2.5 volts). The electrical length is the same
as the positive alternation of the input gate,
or 500 microseconds. The PRT is 700 micro-

seconds (500 + 200) and the PRF is
1,428 herta.

gud8. Trapezoidal Sweep Uenerators

or

L.
PRT

Figure 6-12. Serles LR Circuit
Normally, oscilloscopes and synchroscopesuse
‘‘alectrostatic deflection’’ and, as the name
implies, electrostatic fields move the electron
beam. The need here i8 for a sawtooth voltage
waveform.

8=-39. Another method of electronbeam deflac-
tion i8 ‘‘electro-magnetic deflection.”” Cur-
rents through a coil preduce electromagnetic
fields, which position the beam of electrons.
The electromagnetic system requires a saw-
tooth of current. Current must increase ata
linear rate. Because of theinherent character-
istics of a coil, a sawtooth of voltage does
not cause = linear rige of current. A linear
rise of current requiresa TRAPEZOID voltage
waveform applied to a coll. This section dis-
cusdses the generation of a trapezoidal wave.

6-40. Figure 8-11 ghows a trapezoid wave.
The wave consists of a gharp, almost instant-
aneous, jump in voltage followed by a linear
rise t0 gome Peak value. The injtial change
in valtage at time TO is called a *‘jump” or
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‘“‘gtep.’”” The jump is followed by a linear
sawtooth voltage rise. The time from the
jump to the point where the penk value ocours
le the electrical length. The peak amplitude
1a the sumn of the jump voltage and the aawe
tooth peak voltage. The waveshape can be con=
sidered a combination of a rectangular wave
and a sawtooth wave,

6-41. The inductance and resistance of a ceil
form a series RL circuit. The voltage drop
across this inductance and resistance must
be =2dded to obtain the voltage waveform
required to produce a linear rise in current.
A linear rise ol current produces a linear
rise of voltage across the resistance of the
ceil, and a constant voltage drop across the
inductance of the coil.

6-42.'4ssume figure 6=12A represents deflec~
tion cecila. If we apply a voltage waveshape to
the circuit which will provide a square wave
across inductor L and a sawtooth across
resistor R, then a linear current rise will
result.

6-43. Part B of flgure 6~12 shows the wave=
forms when Ea i3 a square wave. Recall that
the inductor acts as an oOpen at the first
instant, Current now starts toflowand develops
a voltage across the resistor. Wilth a square
wave applied, the voltage across the inductor
would start to drop as soon as any voltage
appears across the resistor. This is due to
the fact that the voltage across the inductor
and resistor must add up to the applied
voltage.,

6-44, With E, being a trapezoidal voltage, Fig~
ure 6«12C, the instant current flows and a volts

age appears across the resistor, the applied
voltage increases. With an increasing applied
voltage, the inductor voltage remains constant
(Ep,) at the jump level and clrcuit current
(ER, I} will rise at a linear rate from the
jump voltage point. Notice that if you add the
inductor voltage (E[,) and resistor voltage (Eg)
at any point between time TO and T1, the sum
is the applied voltage. The key fact here is
that a trapezold of voltage must be applied
to a sweep ccil to use a LINEAR RISE
OF CURRENT. The linear rise of cu-rent
will cavse a uniformly changing magnetic field
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which, in turn, will cause an electron beam to
mwove at a conatant rate across a CRT.

B8-45. There ure muny ways to generste o
trapezoidal waveshape. For example, the rect-
angular part could be generated In one circuit,
the sawtooth portion in another and the two
combined in still a third circuit. A far easier
and less complex way is to use an RC clr-
cuit in combination with a transistor to
generate the trapezoidal waveshape in one
stage.

6-46,.Figure 6~13A showsthe schematic dlagram
of a trapezoid generator, and the waveshapes

for the circuit are in figure 6138, Rl provides
torward bias for @1 and, without an input gate,
Q1 conducts very hard (near saturation). Ci}
couples the input gate signal to the base of
Ql, R2, R3, and C2 form the RC network
which Torms the trapezoid wave. The output
is taken across R3 and C2.

6-47. With Ql conducting vervy hard, col-
lector voltage is near zero volts pricr to the
gate being applied. The voltage across 2
is about 50 volts which means there is no
voitage across R3 and no charge on C2,

6-48, At time TO, the negative alternation of
the input gate is applied to the base of Qt,
driving it into cutoff. At this time the tran-
sistor is effectively removed from the circuit.
The circuit is now a series RC network with
50 volts applied. At the instant Q1 cuts off,
therefore, 50 veolts will appear across the
combination of R2 and R3 (the capacitor being
a short at the first instant). The 50 volts
will divide proportionally, according to the
size of the two resistors. R2, then, will have
49,5 velts and R3 will have 0.5 vclts. The
0.5 volts across R3, the jump resistor, is the
amplitude of the jump voltage. Since the output
is taken across R3 and C2 in series, the
output “‘jumps’’ to 0.5 volts.

6-49, Observe how a trapezoidal generator
differs from a sawtooth generator. Ifthe ocutput
were taken across the capacitor aleone, the
output voltage would be zero at the first
instant. But, by splitting the R of the RC
network so that tne output is taken across the
capacitor and a part of the total resistance,
the jump voltge is produced.

6-9
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Figure 6-13. Trapezotdal Generator

6-50. Referring again to tigure 6-13,from TO
to T1, C2 begins charging toward 50 volts
through R2 and R3. The time constant for this
circuit is 10 millisesonds. If the input gate
i8 1,000 microsenonds, the capacitor can charge
for only 10 percent of one TC, and the
sawtooth part of the trapezoid wave will be
Hnear.

6-51. At time T1, the input gate ends, and
Q1 begins to conduct heavily. C2 discharges
through R} and Ql. The time required to
discharge C2 18 primarily determined by the
values of R3 and C2. The minimum diacharge

g-10

Hime {(in this circuit} 18 500 microseconds
(5k x .02 uF x 5). At time T2, the capacitor
has diacharged back to zero volts, and the
circuit is quiescent. It remains in this con-
dition until T3 when another gate 18 applied
to the transistor.

6-52. We caiculaied the amplitude of the jump
voltage, which was 0.5 volts, The sawtooth
porton of the wave 18 linear because the time,
TO to T1, 18 only 10 percent of the total charge
time. The amplitude of the trapezold wave
1p approximately 5 volts. The electrical longth
jg the same a8 the input gate length, or
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1,000 microseconds. Linearity is affectedin the
same mannsr a8 in the sawtooth generateor.
Increasing R2, C2, or decreasing gate width
will improve linearity. Changing the applied
voltage will increase output amplitude, but
will not affect lnearity.

6-53. Linearity of the trapezecidal waveform,
produced by the circuit in figure 6~13 will be
dependent on two factors: GATE LENGTH
and the TIME CONSTANT (TC) of the RC
circuit. Recall that these are the sarne factors
that controlled LINEARITY in the Sawtooth
Generator., The formula developed earlier
will still remain true and enable us to deter-
mine what effect these factors will have on
LINEARITY.

#TC = gate length

6-54. An increags in gate length will result
in an increase in the number of time con-
stants and an increase in the percentage of
charge that the capacitor will take on during
this Hme interval. We stated eariler that if
the number of time constants were to exceed
.1 that LINEARITY would decrease. The reason
for a decrease in LINEARITY 1s that a
greater percentage of VC is used and from
the Universal Time Conegam Chart, we can
observe that the charge line begins to curve.
A decrease in gate length will have the oppo-
gite effect on LINEARITY in that it will
cause LINEA RITY to increase. The reasonfor
this increase 1s that we are using a amaller
aumber of time constants andinturn, a amallar
percentage of the applied Voo
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8=53. Changing the value of resistance or
capacitance in t*he circuit also effects
LINEARITY. I the value of C2 or R3 is
increased this would increage the time for one
time constant. An increase in TC will result
in a decrease in the number of time con-
stants (#TC). As stated eariler, a decrease
in the #TCs will result in an increase in
LINEARITY f{less than .1 TC). In addition
to an increase in LINEARITY, there would
also be an increase in JUMP VOLTAGE
(larger value of R3) and a decrease in the
amplitude (PHYSICAL LENGTH) of the SAW-
TOQTH produced by the cireuit. ELECTRICAL
LENGTH will remain the same as the length
of the gate was not changed.

6-56. R-2 will have a similar effect on
LINEARITY as it is in series with R3. As
an example, decreasing the value of R2 will

. résult in a decrease in LINEARITY. From

the equation gate length we find that

#TC = TC

by decreasing R (TC = RC), the #TCs will
increase, and an increase in the number of
time constants causes a decrease in
LINEARITY. Othereffects wouldbe anincrease
in JUMP VOLTAGE and an increasge in the
amplitude (PHYSICAL LENGTH) of the SAW-
TOQTH.

6-57. Changing the value of V ~~doesnot affect
LINEARITY a8 linearity 1s dependent on Gate
Length, R and C. Voo will bave an effect
on the amplitude of the waveform and the
valse of JUMP VOLTAGE that 1s obtained.

6-11
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Chapter 7

LIMITERS AND CLAMPERS

7-1. Often the amplitude or the reference
level of a signal must be modified as the
aignal passes from one c¢ircuit to another.
This chapter explains how limiters and
clampers perform these functions.

T-2. Limiters

T-3. As an electronic technician you will be
confronted with many differenttypesof limiting
circuits. They vary indesignaccording totheir
purpose aad use. A thorough knowledge of the
principles of limiters is essential.

7-4. A limiter is defined as a device which
‘“limits’’ or prevents some characteristic
of a waveform from exceeding a specified
value. This text discusses limiting the
amplitude of a waveform, 23 the removal
of one or both pealks of the waveform ata
desired level.

7-5. Limiting circults are usedfortwoprimary
purposes, (1) waveshaping and (2) protection.
Limiters used as waveshaping circuits eclip
or modify the waveahape of a signal. Limiters
used as protective circuits prevent a voltage
from exceeding a specified negative or posi-
tive reference level.

T-8. A limiter which removes a portion of the
negative half-cycle of a waveshape is cazlled
a ‘‘negatlve’” Umiter. As an example of
negative imiting, notice how the waveshape

in Figure 7-1 haa been modified.

7-7. Another type of limiting is the “‘positive
limiter’’ which removes positive amplitudes,

ov LIMITER UV‘_‘_'.
' ' vy )
s o
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Figure 7-1. Negative Limiter

™ "\
o _~".s LIMITER|e= WJ—W

REP4-1442

Figure T-2. Positive Limiter

Figure 7-2 shovs positive limiting, removing
the positive half-cycle of a waveshape.

7-8. Series Limiters

7-9. A diode will conduct when its anode volt-
age 18 positive with respect to its cathode
voltage. The diode will not conduct (neglecting
reverse current) when the anode is negative
with respect to the cathode. Limitersuse this
principle along with voltage divider action in
their operation.

7-10. A block diagram of a series limiter
is shown in Figure 7-3. A djode is con-
nected in series with a resistor; the input i3
applied to the combination, and the output is
taken across the resistor. When the diode is
forward biased it acts as a short, and the
output is approximately the same astheinput -~
with no limiting. When the diode 18 reverse
biased it acts like an open, no output and
limiting occurs.

CIODE
IN SERIES
WITH QUTPUT

{_otooe ]

INPUT >

RESISTOR QUTPUT
O —

REP4-1443

Figure 7-3. Block Diagram of a Series Limiter
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Figure 7-4, Serles Negative Limiter

7-11. Figure 7-4 showas the schematlc dagram
with the input and output waveforms for a
SERIES NEGATIVE LIMITER. The key for
identification is the dlode in series with the
input signal. Further, it 1s a negative. limiter
because limiting iakes place during the
negative half-cycle. Let’sconsidereachhalf-
cycle of the input signal and determine how
the output is produced. During T0 t¢ Tl,
the anode 18 motre positive than the eathode
and the dlode conducts. As current flows up
through the resistor and the diode, apositive
voltage is developed as the output. During
TO to T1, the voltage across the resistor is
esgentially the same as the voltage applied
to the circult (neglecting the small voltage
that is dropped across the diode).

7-12, During T1 to T2, the anode is negative
with respect to the cathode andthe diede does
not conduct. This porton of the output
indieczates limiting, hecause there is no current
through the resiator {neglectng the amall

reverse current).

7-13. The schematic diagram shownin Figure
75 19 a SERIES PCSITIVE LIMITER since

=
-
[ %)

T0

the diode is in series with the signal and the
positive half-cycie of the waveformislimited,
When the positive alternatton of the input
signal {TO to T1) is applied to the circuit,
the cathode is positive with respect to the
anode. The diode {8 reverse blased and the
positive alternation of the input signal is
limited, The extremely amall output is the
regult of reverse current flow,

7-14. During Ti and T2 of the input signal
the cathode 18 negative, which forwardbiases
the dlode, and current flows through the
resistor developing an output. The output on
the negatlve alternation 18 approximately the
sam2 amplitude as the input, so no Hmiting
oeeurs.

7«15, Ideally, the output waveshape exactly
duplicates the input, with the limited portion
removed. During the limited portion of the
signalthe diode resistance should be high;

for the unlimited porton of the signal, the
resistance of the diode must be small com-
pared to the resistor. Therefore, the dode
requires a very high front=to-back ratio
{forward resistance compared to reverse

|
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Figure 7~5. Series Positive Limitter
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resistance). The following formula canbe used
to determine the output amplitude of the
signal:

R
E = E
out R+ Fac in

Where Eou 1s the output amplitude, R 1s the
value of resistor Rl, and Ra 1s the AC
registance of the diode from andde to cathode,
and Ein is the input signal amplitude.

7=-18. To summarize, a gserles limiter has
the oulput ip geries with the dlode. When
the diode conducts, the outpyut resembles
the input. When the diode ig cutoff, the out-
put ig nearly zero. The portion of the input
signal which does NOT appear in the output
determines whether the limiter 1 poaitive or
negative. A negative limiter is changedtoa
positive Ilimiter by reversing the diod=
connectiona.

1=17. Shunt Limiters

7-18. A shunt limiter eircutt uses the same
dicde theory and voltage divider action as
the series limiter. Figure 7~8 shows the
block dlagram of a shunt limiter. A resistor
and dlode are connected in series with the
input signal, and the output signal is taken
across the dlode. The ocutput is in ‘‘shunt’
with the dlode, hence the name, shuntlimiter.

RESISTOR I

DIODE IN
PaRALLEL wTH LPIOPE] ¢

QUTPUT out
O- -

REP4-1446

Figure 7-8. Block Diagram of a Shunt
Limiter

T+19. The schematic dagram shownin Figure
7-7 18 a SHUNT POSITIVE LIMITER since
the diode 18 in shunt with the output and the
positive half-cyecle of the input 1g limited,
When the positive alternation of the input
signal 1s applied to the eircuit (TO to T1),
the diode becomes forward blased and con-
ducts. As current flows up through the diode
and the resistor, a voltage 18 droppedacross
each. With Rl being much larger than the
forward resistance of CR1, most of the input
signal is dropped across Ri. This leaves
only a very amall voltage across the diode
as the output. The positive alternation of the
input signal has been limited.

7-20. During Ti1 to T2, the diode is reverse
blased and acts as an extremely high

Eouf ov'l"-T—/-—
|

i

!
| i
I |
i |
™ T T
REP4-1447

Figure 7-7. Shunt Positive Limiter
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Figure 7-8. Shunt Negative Limiter

resistance. The negative alternation of the
input eignal appears across the diode at
approximately the same amplitude as the input.
The negative alternation of the input signal
15 not limited.

7=-21. Notice the similarity of the shuntposi-
tive limiter and the SHUNT NEGATIVE
LIMITER shown in Figure 7-8, The diode
connection® are reversed, From TO to Ti
of the input signal, the diode 13 reverse
blased and does not conduct. The output
signal ia the input signal slightly reduced
in amplitude. The positive alternationis NOT
limited,

T=22. During the negative alternation of the
input signal, T1 to T2, the diode becomes
forward blased and conducts. As current fiowa
through the resistor and diode, a voltage is
developed across each. With the series

-TF 5 + -
A

BASED v
B

REP4-1449

Figure 7-9. Blased Shunt Limiters

resistor being much larger than the resist-
ance of the dode, most of the inpnt signal
appears across R1. This leaves only a small
voltage acroas the output diode, and the nega-
tive alternation ol the sigual is limited.

7-23. As with the series limiter, the shunt
limiter should provide maximum output volt-
age lor the unlimited portion of the signal,
the diode’s reverse-bias resistance must be
very large compared to the series resistor. —
And, toprovide minimum output forthelimited
portion of the signal, the diode’s forward-
bias resistance must be very small compared
to the series resiator. Todetermine the cutput
amplitude the following formula can be used:
Rac
E = E
out PR ac + R in

Where E t is the output signal amplitude,
R, 18 tie AC resistance of the diode, R 18
the series resistor Rl, and Eln 13 the input
gignal amplitude.

7-24, To summarize, a ghunt limiter has the
ocutput in shunt with the diod:. When the
diode conducts, the output voltage 1s nearly
zero, and when the diode 18 cut off the cutput
13 nearly the same as the 1nput voliage.

7-25. Biaged Shunt Limiters

7-28. In the shunt limiters discussed thus
far, limiting takes place near a zerc refer-
ence level. Limiting may take place at any
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Figure 7-10. Block Diagram of a Blased
Shunt Limiter

positive or negative reference level. Thatis,
a lmiter may remove only a portion of one
alternation. An example of such limiting 1s
1llustrated in Figure 7-8. Part A shows only
the extreme positive portion of the wave
limited and part B shows only the extreme
negative portion of the wave limited,

7-27. A block diagram of a biased shunt
limiter 18 shownin Figure 7-10. The resistor,
diode, and blas supply are connectedin geries,
and the input signal 18 applied to this com~
bination. The output from the cireuit is taken
20T088 the diode and the bias supply together.

7-28. A schematic dlagram of a POSITIVE
SHUNT LIMITER WITH POSITIVE BIAS is
shown in Figure 7-11. Battery R! is con-
nected with the positive terminal to the cathode

of the diode. This causes the diode to he
reverse biased at all times sxcept when the
input signal 18 more positive than the bias
voltage.

7-29. The relative size of the circuit coms-
ponents are as follows: Rae of the dicde in
the forward biased direction 1s 10 chms,
the resistance of the diode in the reverse
biased direction 18 1 megohm, Rl 131k ohm,
Bl is 4 volts, and the input signal has a
10-volt peak. As the positive alternation of
the input signal is applied (TO to T1), the
output voltage followa the inputsignal. During
time Tl to T2, the input signal is more
positive than 4 volts; the diode 18 forward
blased and conducts. At this time, the output
voltage equals the bias voltage. Limiting takes
place between T1 and T2, and the output is
approximately 4 volts. With an increase in
blas, limiting would take place at a higher
positive voltage, and there would b¢ less
limiting of the output signal.

7-30. From T2 to T4 of the input signal, the
diode 13 reverse blased and does not conduct.
The output signal follows the input signal and
no limting takes place.

7-31. This circuit 18 called a POSITIVE
LIMITER WITE POSITIVE BIAS because
limiting takes place in the positive alter-
nation, and positive blas 18 used on the
dlode, since the cathode 18 positive with

respect to ground.
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Figure 7-11. Shunt Pogitive Limjter with Positive Bias
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Figure 7-12. Shunt Positive Limiter with Negative Bias

7-32, Flgure 7-12 shows the schematic
diagram of a SHUNT POSITIVE LIMITER
WITH NEGATIVE BIAS. The only difference
trom Figure 7-11 i8 the reversed battery.
Now, the diode 18 forward biased and con-
ducts before an input aignal 18 applied,
Consjdering CR1 as a short during con-
duction, the voltageacross the Egyt ter-
minals is =4 volts.

7-33, As the positive alternation of the
input signal is applied to the circuit, the
diode remaina forward blaged and limits the
entire positive alternation (TO to T1). As
the signal goes .in a negative direction
(T'1 to T3), the diode is still forward biaged
and limiting is still present. The only time
CR! becomes reverse blasedis when the anode
goes more negative thanits cathode. Whenthe
input signal is more negative than the -4
volts of ths biag battery, the diode becomes
reverse blased and cuts off. The output

follows the Input signal from T2 to T3,
at all other times, the diode is forward
blased and limiting occurs. With an increase
in negative blas, the dlode conducts for a
longer portion of the input signal and more
limiting will be pregent in the output.

7-34. This eircuit 18 called a shunt positive
limiter with a negative bias since the posi-
tive ouiput is limited, and the bias in the
circuit 18 negative with reference to ground.
Limiting takes place at all points more
pos‘tive than -4 volts.

7-:2 . The cdrcuit shown in Figure 7-13
is a2 SHUNT NEGATIVE LIMITER WITH
NEGATIVE BIAS. Again, assurne the forward-
blas resmistance of CRl is 10 ohms, the
reverse~-blas reaistance of CR1 {8 1 megohm
Rl 18 1 k ohm, B1 is -4 volts, and the input
peak 18 10 volts. With no input, battery B
roverge blases CRl. CR1 canncot conduct

TN
REP4-1453

Figure 7-13. Siunt Negative Limiter with Negative Bias
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Figure 7-14. Shunt Negative Limiter with Pogitive Blas

untll its cathode 18 more negative than its
ancde. Thus, CR1 acts as an open until Eqn
goes below =4 volta. During the poaitive
alternation 0f the input of the input signal
the output follows the input and no lmiting
occuras,

7-36. When the input signal becomes nega-
tive enough to forward blaa the dlode, CR1
conducts and acta like a short {10 ohmsin
seriea with 1 k ohm). The input signal is
developed across Rl, and the output aignal
duringtime T2 to T3 18 -4 volts. If the -4
volts 18 increased, limiting will take place
at the new blas level and leas limiting will
e present in the output.

7-37. Between T3 and T4, the diode is again
reverse biased and the cutput aignal follows
the input aignal. No limiting occura.

T T2T4TS
b
!

7-38. A SHUNT NEGATIVE LIMITER WITH
POSITIVE BlAS ia shown in Figure 7-14.
Now, you should be able to determine the
output waveform. The operation 1s similar
to those circults already explalned, Limiting
occurs when the dlode conducts, and there 18
no limiting when the diode 18 reverae blased.
In this eircuit, the bias battery forwardbiases
the dlode without an input signal. Eq ; 1s
+4 volts except where the input goes above
+4V (T1 to T2). All of the signal which 1a
more negative than +4V is limited. Ifthe +4V
18 increased, there will be more limiting in

the output.

7-38. A DOQUBLE DIODE LIMITER (Figure
7-15) uses a shunt positive limiter with
positive bias {CRl and Bl1) and a shunt
negative limiter with negative blas (CR2

+10v

REP4-1455

Figure 7-15. pouble Diode Limiter
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Figure 7-18. Zener Diode Limiter

and B2), Neither dlode 15 forward biased
with no input signal. When the input aignal
becomes more positive than 8 volts, CRI
conducts and limits the output to this valuye.
When the input signal becomesa more negative
than 8 velts, CR2 conducts andlimita the out-
put to this value. When neither diode con-
duects, the output followa the input waveform.

7-40. Zener Diode Limiter

7-41, Figure 7-18 shows one example of how
a zener diode can be used a8 a limiter for
protection puroses. A commen emitter RF
amplifier has a zener diode connected from
the collector to ground. CRI 18 a 12-volt
zener diode. Assume that during normal
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CR!
12v
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operation the voltage on the collector of Qt
variea between +0 volts and +11 volta. Thia
value of voltage across the zener 18 not
enough to cause zener action, so the diode
acta llke a large resistance. Due to the
input signal and the reactive collector load,
collector voltage could become high encughto —

damage the transistor. (Recall at resonance

how the valtage across a reactance equals

Q timea Ea). However, as the voltage across

the zener reachesa 12 volta, the dipde con~

ducts, Therefore, the valtage on the col-

lector of Ql cannotexceed 12 volta in this

example. Thia feature 18 particularly yseful

when the colleciorloadimpedance 18 reactive. -
Zener diodesa are frequently used to protect :
against such high voltages.
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Figure 7-17. Double Zener Diode Limiter
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Figure 7-18. NPN Cutoff Limiting Circuit and Waveforms

7-42. Figure 7-17 shows another arrangement
of zener limiting. Two zener diodes are con-
nected ‘‘back-to-back.’”’ Each 18 an 8=volt
zener diode. When the positive alternation of
the input signal is applied (TO to T1), CRI
i8 forward biased and acts like a short. At
the same time, CR2 is reverse biased and
acts ag a large resistance. The outputfollows
the input.

7-43. At T1, CR2 reaches its regulating
area and conducts; this limita the output
from geing any more positive. From Tl to
T2, the output is +8 volta. From T2 to T3,
the output again fcllows the input.

7-44. At T3, CR2 becomes forward bizeed
and acts like a short, but CH1 is reverse

biased. Between T3 and T4, therefore, the
output followa the input. At T4, CR2 reaches
its regulating point and conducts; this limits
the output from going more negative. From T4
to T9, the output is -8 volts. From T5 to
T8, the output again follows the input.

7-45. Another method of limiting signals is
operating transistora at cutoff or at satura-
tion. Thia may be accomplished with either
NPN or PNP transistors.

7-46. NPN Tranaistor Cutoff Limiting

7-47, Figure 7-18A shows an NPN transis-
tor cutoff limiter. Notice that V ~~13 positive.
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Figure 7-19. PNP Cutoff Limiting Circuit and Waveforms

Agsume the value of forward bias is 50
microamps which placea the operating point
at the lower portion of the load line. (Fig-
ure 7-18B.)

7-48. Let’s now consider each half-cycle of
the input to determine how the output ig

produced. At point 1 of the input signal the

transistor is conducting, and ¢ollector voltage

is 18 volts. From point 1 to point2, the input

aids, andbase currentincreasesto 150 micro-
amps. During this time, collector voltage
swings in the negative direction decreasiog to
12 voits.

7-49. From point 2 to point 3, the input
allows the base currentto returnto50micro-
amps and collector voltage swings back to
18 volts. Mote that the posiive half-cycle
of the input voltage is phase inverted and
amplified, and becomes the negative half-
eycle of the output signal. There i8 no
limiting.

7-50. Between point 3 and point 4, the nega-
tive input voltage opposes base current and
at point 4 drives the transistor into cutoff.
During this time collector voltage swings
in ‘the positive direction, increasing to 20
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volts, From point 4 to point 5, the input
signal holds the transistor below cutoff and
collector voltage remains at the Vg level
(+20 volts), and limiting takes place. If the
forward blas was decreased, more of the
input signal would hold the transistor below
cutoff, and the amount of limiting would
increase.

7-51. From point § to point 6, the input
signal allows bage current to return to 50
microamps and collector voltage swingsback
to 18 volts. Note that cutoff limiting in an
NPN transgistor circuit limits the top of the
collector voltage waveshape during the time
the transistor i8 cut off.

7-52. PNP Transistor Cutoff Limiting

7-53, Let’s compare the PNP curoif limiter
in Figure 7-19B to the NPN cutoff limiter
in Figure 7-18. Notlice that the collector
supply voltage has been reversad and the
bottom of the output waveshape is now
limited. Again, only a small forward bias is
applied (50 microamps).

7-54, Let’s consider each half-cycle of the
input to determine how the output is produced,
At point 1 of the input signal, the transistor
is conducting and V, is -18 volts. From
point 1 to point 2, the input voltage gpposes
base current and drives the transistor into
cutoff at point 2. During this time col-
lactor voltage swings in the negative direction,
going to -20 volts. From point 2 to point 3,
the input signal holds the transistor below
cutoff, and collector voltage remains at the
Voo level (=20 volts). Limiting is now
taking place. If forward bias decreases,
limiting will increase.

7-55. From point 3 to point 4, the input
signal allows base current to return to 50
microamps and collector voltage swings back
to -18 volts. Note that cutoff limiting in a
PNP transistor eircuitlimitsthe bottom of the
collector voltage waveshape during the time
the transistor is cut off.

7-56. From point 4 to point 5, the ip-wt
aids base current and base currentincreases
to 150 microamps. During this time the col-

0%

lactor voltage swings inthe positive direction
(less negative) to =12 voits.

7-57. From point 5 to point 6, the input
signal allows the base current to return to
50 microamps and collector voltage swings
back to =18 volts, No limiting occurs.

7-58. NPN Transistor Saturation Limiting

7-59, Look at the schematic diagram for an
NPN saturation limiter in Figure 7-20. The
amount of forward bias needed in a satura-
tion limiter is greater than the forward
bias needed in a cutoff limiter. The load
line shows the operating point close to the
saturation area. Locate where the 350micro-
amp base current line crosses the load
line. This operating point will allow the input
signal to drive the NPN transistor jnto
saturation.

7-G0, Let!s now consider each half-cycle of
the input to determine the output. At point
1 of the input signal, the transistor is con-
ducting and collector voltage is 6 voits,
From point 1 to point 2, the input aids base
current and drives the transistor to satura-
tion. During this time collector voltage switgs
in the negative direction, decreasing to a
minimum value of +2 volts. From point 2
to point 3, the input signal holds the tran-
sistor beyond saturationand collector voltage
remains at a steady voltage of +2 volts,
From point 2 to point 3, the input sigral
holds the transistor beyond saturation and
collector voltage remains at a steady voltage
of +2 volts., Limiting is taking place. If
forward bias was increased, more of the input
would hold the transistor beyond saturation
and the amount of limiting would increase.

7-61. From point 3 to point 4, the input
signal allows base current to return to 350
microamps and collector voltage swings back
to 8 volts. Note that saturation limiting in
an NPN transistor circuit limitg the bottom
of the collector voltage waveshape.

7-62. From point 4 to point 5, the input
causes base currenttodecreaseto250micro-
amps. During this time collector voltage
swings in the positive direction, increasing

7-11
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Figure 7-20. NPN Saturation Limiter Circuit and Waveforms
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Figure 7-21, PNP Saturation Limiter Circuit and Waveforms
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7-14




to +10 volta. From point 5 to polnt 8, the
input allows the base current to return to
350 microamps, and collector voltage swings
back to € volts,

7-683. PNP Transistor Saturation Limiting

7-64, Let’'s now look at the PNP saturation
limiter in Figure 7-21. Notice that the output
waveshape 18 phase inverted, as in the NPN
circult, but saturation limiting clips the top
of the waveshape instead of the hottom.

7-65. Now, look at the load line for satura-
tion limjting shown in Figure 7-21. Locate
where the 360 microamp base current curve
crosses the load line. This operating point
will allow the input to drive the PNP tran-
sistor intc saturation. Note: Anlncrease in
input (base) voltage causes a decrease in
input signal (base) current.

7-88, Consider each half-cycle of the input
to determine how the output is produced,
At point 1 of the input signal, the transistor
1s conducting and collector voltage is -6
volts. Follow the input and output signals
from point 1 to points 2, 3, and 4, There 18
no limjting during this tme.

7-67. At point 4, the lnput drives the tran-
siator to saturation; collector voltage swings
in the positive direction, decreasing to a
minimum value of -2 volts, From point 4
to point 5, the input signal holds the tran-
sistor beyond saturation, and collector voltage
remains at a steady value of =2 volts. Note
that saturation limiting in a PNP transistor
eircuit limits the top of the collector voltage
waveshape. Also, note that an increase inthe
forward blas would increase the amount of
signal that held the tranaistor beyond the
saturation region on the load line and would
increase limiting.

7-68. From point 5 to point €, the input
signal allows base ecurrent to return to
350 microamps and collector voltage swings
back to -8 volts.

7-689, NPN Transistor Overdriven Limiting

7«70, Filgure 7-22 shows an overdri.cn
limiter. Input signal amplitude is sufficient

/09

to drive the transistor into both cutoff and
saturation. The oOperating point is where the
load line croases the 200 microamp base
current curve. A strong signal input drives
the NPN transistorabove andbelow thispcint,
into both cutcff and saturation.

7-71. At point 1 of the input signal the
transiator 1s conducting and collector voltage
138 12 volts. At point 2, the input drives the
transistor to saturation. During this time
collector voltage swings in the negative
direction, decreasing to a minimum value of
+2 volta. From point 2 to point 3, the input
signal holds the tranaistor beyond satura-
tion and the collector voltage remains ata
steady voltage of +2 volts,

7-72. From point 3 to point 4, the input
signal allows base current to return to 200
microamps and collector voltage swings back
to 12 vyolts, At point 5, the input drives
the transiastor to cutoff. During this time
collector voltage swings in the positive
direction, increasing to almosat 20 volts,
From polnt § to point 6, the input signal
holds the transistor below cutoff, and the
collector voltage remains at approxtmately
the V¢ level (+20 volts). From point 6
to point 7, the input signal allows bhase
current to return to 200 micrcamps and
collector voltage swings back to 12 volts,
Note that in an NPN transistor circuit,
cutoff limiting occurs whenthe collector cur-
rent 1s minimum and saturation limiting
occurs when the collector current is
maximum.

7-73. PNP Transistor Overdriven Limiting

T=74, Now use Figure 7-23 to compare the
PNP overdriven limiter with the NPN over-
driven limiter. Notice that the output wave-
shape 1s phase inverted in both, but PNP
cutoff limiting clips the bottom of the wave-
shape and PNP saturation limiting clips
the top of the waveshape. The loadline shows
the operating point the same as used with
the NPN overdriven limiter, and he input
signal has large amplitude.

7-75. Consider each half-cycle of the input
to determine how the output is produced,
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Figure 7-23, PNP Overdriven Limiter Cireuit and Waveforms
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Figure 7-24, RC Coupling

At point 1 of the Input signal, the tran-
sistor 18 conducting and collector voltage is
=12 volts, At point 2, the input voltage drives
the transistor to cutoff, During this Hime,
collector voltage swingainthe negative direc-
tion to almoust -20 volts. From point 2 to
point 3, the input signal holds the transistor
below cutoff and collector voltage remains at

approximately the Vo level (-20 volts).

7=-78. From point 3 to point 4, the input
signal allows the base current to return to
200 microamps and collector voltage swings
back to =12 volts. At point 5, the input
voltage drives the transistor to saturation.
During this time collector voltage swings in
the positive direction, decreasing to a
minimum value of -2 velts, From point §
to point 6, the input signal helds the tran-
sistor beyond saturation, and the collector
voltage remains at a Steady voltage of -2
volts. From point 6 to peint 7, the input
allows base current to return to 200 mjcro-
amps and collector voltage swingsbackto=12
volts.

T-77. Clampers

7-78, Before We discuss clampers, it is
necessary that we review series RC circuits.
Series RC circuits are widely used for
coupling or transferring signals from one
stage to another, U the time constant of tue
coupling circuit i8 long enough, the shape

of the Input and output voltage waveforms
will be almost identical, However, the output
wave’s DC reference level may be different.

7-79. Figure 7-24 shows a typical RC coupling
clrcuit in which the output reference level
has been changed to zero. In this eircuit
the values of R and C are such that the
capacitor will charge to 20 percent of the
applied voltage during the time from the
leading to lagging edge of the waveshape
{TO to T1). wWith this in mind, let’s consider
the operadon of the circuit. At time TO,
the input voltage is =50 volts and the capaci-
tor starts charging. At the first instant the
voltage acrogs C 18 zero and the voltage
across R 18 50 volts negative with respect
to ground, Now, as C charges, the voltage
across C increases and the voltage across
R, which 18 the output voltage, begins to
drop at the same rate. At time T1, the
capacitor has charged to 20 percent of the
=50 volts input, or 10 volts. Now, the input
voltage goes to zerg volts,and the capacitor
must discharge. It discharges through the
low impedance of the signal source, and
through R, developing a 10-volt output across
R at the first instant. From T1 to T2, C
discharges 20 percent of the original 10-
volt charge. Thus, C discharges to 8 volts
and the output voltage also drops to 8 volts.
At T2 the input signal goes to =50 volts
again., This 50 volts 18 in series opposition
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Figure 7-25. Clamping Waveforms

to the §-volts charge on the capacitor.
Thus, the voltage across R 1542 volts, Notice
that this value of voltage 18 smaller in
amplitude than the amplitude of the output
voltage which occurred at TQ. Capacitor
C charges from 8 to 16 volts. If we were
to continue to follow the operation of the
circult, we would find that the output wave-
shape wouldbecome exactly distributedaround
the zero reference point. At this tme, the
circult operation reaches a stable point.
Note that our output waveshape has the same
amplitude and approximately the same shape
as the input waveshape, but now ‘““rides’
equally above and below zero.

7«18

7-80. There are certain appiications in
electronics which require that the upper or
lower extremity of a wave be fixed at a spe~-

cified value. A clamping circuit 1s one which
effectively clamps or ties down the upper or
lower extremity of a wave to a fixed DC

potential. Thig circuit is also known as a

‘““direet current restorer’’ or a ‘‘base-line

stabilizer.” Figure 7-25 illustrates the result
of clamping an input signal to various

clamping levels. These clamped waveshapes
are idealized, byt they do illustrate an
important point about clamping: Clamping does
not change the amplitude or shape of the

input wave.
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Figure 7-26, Positive Clamper Circult and waveforms

7-81, Positive Clamper

7-82, Figure T-26A illustrates the circuit of
a positive diode clamper. Resistor R pro-
vides a discharge path for C. This resistance
19 large in value so the discharge time of
C will be very long. The diode provides
a2 very fast charge path for C. Capacitor C,
once it becomes charged, will act as a
source of voltage. The input waveshape
shown in Figure 7-25A 19 a square wave
which varies between +25 volts and -25
volts.

7=-83. In order to fully understand the opera-
tion of this circuit, we will consider each
portion of the 1apu* ¥aveshape and deteymine

7=-19

itg corresponding output waveshape. The
waveshapes are shown in Figure 7-28B.
Basically, we use Kirchhoff's Law: The
algebraic sum of the voltage drops around a
closed loop 18 zero at any instant.

7-84. At time TO, the -25 volt input signal
appiled to the circuit appears across R (the
capacitor 18 a short at the first instant)
and CRl1. The =25 volts feit felt across
CR] makes the cathode negative with respect
to the anode, and the diode conducts heavily.

7=85, C charges quickly through the small
resistance of CR1., A3 the voltage acrogs C
increases, the output voltage decreagses at
the same rate. Thevoltagsacr3d Creaches

25 volts and the output voltage becomes zero.




7-86. At time T1, the 25 volts across the
capacitor and the +25 valts from the input
signal are series aiding. Thus, +50 volts
appears across R and CR1 in parallel, At
this time the cathode of CR1 18 positive with
respect to the anode, and the diode does not
conduct. During time T1 to T2, C discharges
to approxmately 23 volts {due to the size
of R and C) and the output voltage drops
from +50 volts to +48 volts,

7-87. At time T2 the input signal changes to
-25V, series opposing the 23 ¢olts across C.
This leaves an output voltage of -2 volts.
The cathode of CRI is negative with respect
tothe anode and CR1 conducts. During time

T2 to T3, C charges quickly through CRI1,
from 23 volts to 25 volts, and the output
voltage changes from -2 volts to 0 volts,

7-88. At time T3, the input signal and E¢
are again series aiding. Thus, the output
voltage felt across R and CR1 is again
+50 volts. During time T3 to T4, C dis-
charges 2 volts through R. Notice how the
c¢ireuit operation from T3 to T4 is the same
as it was from T1 to T2, The circuit opera-
tion in each square-wave cycle repeats the
operation which occurred from T2 to T4.

7-89. By comparing the input waveshape,
Figure 7-26A, with the output waveshape,
Figure 7-26B, note the following important
facts: (1) the peak-to~peak amplitude of the
input waveshape has not been changed by the
clamper circuit, (2} the shape of the input
waveshape has not been changed, for all
practical purposes, by the action of the
clamper circuit, and (3) the output wave-
shape 18 now above zero whereas the input
waveshape reference level is zero. Thus,
the lower extremity of the input waveshape
reference level is zero, Thus, the lower
extremity of the input waveshape has been
clamped to a DC potential of zero volts.

7-90. A summary of the circuit operation is
as follows: The capacitor initially chargesto
25 volts through the small resistance of the
diode, Once the capacitor 1s charged, i1t does
not have time to discharge any appreclable
amount before the next charge cycle. Thus,
the 25-volt charge across the capacitor adds

7-20

algebraically to the input signal to produce
an output signal which varies between 0 and
+50 volts. 1t 1s a ‘‘positive clamper’’ since
the output waveshape 18 above zero and the
bottom of the output waveshape is clamped
at zero.

7«91, The ecircuit described 1s ‘‘self-
adjusting’’ in that the bhottom of the output
waveform remaina clamped at zero during
changes in input signal amplitude, and the
output waveshape retains the form and peak-
to-peak amplitude of the input waveshape.
When the input amplitude becomes greater,
the capacitor’s charge becomes greater and
the cutput has a larger amplitude. When the
input amplitude decreases, the capacitor does
not charge so high, clamping a lower voltage
output. The capacitor charge changes with

signal strength.

7-92. The size of R and C have a direct
effect upon the clamper’s operation. Because
of the small resistance of the diode, the
capacitor charge time 1s short. If either
R or C {8 made smaller, the capacitor dis-
charges faster.

7-93. For the capacitor to quickly discharge
to a lower voltage is an ADVANTAGE when
the amplitude of the input waveshape is
suddenly reduced, For normal clamperopera=
tion, however, quick discharge time 18 a
DISADVANTAGE because one objective of
clamping 18 to keep the output waveshape like

the . input waveshape, If the samall capacitor

allows a relatively large amount of the
voltage across it to discharge with each
cycle, distortion occurs fn the output wave-
shape, and a larger portion of the waveshape
appears on the wrong side of the reference
line,

7-94, Increasing the resistor size increases
the discharge time. This causes the capacitor
to discharge more slowly, producing an output
wavesiiape which 15 a better reproduction of
the input waveshape, A disadvantage is that
the large resistor increases the diacharge
time of the capacitor and slows the self-
adjustment rate of the circuit in cage a
sudden DROP in input amplitude should oceur,
The large resistor has no effect on self-
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Figure 7-27, Negative Qlamper Circuit and Waveforms

adjustment with a sudden RISE in input
amplitude, because the capacitor charges
through the small registance of the conducting
diode.

7-95, Circuitsoftenincorporate a compromiae
between a short RC time constant for self-
adjustment and a long RC time constant for
iless distortion. A point to ohserve 1s that
the reverse resistance of the diode some-
times repiaces the physical resistor in the
discharge path of the capacitor.

7-96. Negative Clamper

7-97. Flgure 7-2TA illustrates the circuit of
a negative diode clamper. Compare thig ».in

Figure 7-28, The diode i3 reversed with
reference to ground. Like the positive
clamper, resgistor R provides a discharge
path for C, and the resistance must be a
value tc make the discharge time of C very
long. The diode provides a fast charge path
for C. Once C becomes charged, it acts as
a source of voltage which will help determine
the maximum and minimum voitage levels of
the output waveshape. The input waveshape
shown in Figure 7-27A1sasquare wave which
varies between +25 and -25 volts.

7-88. Again, we will consider each portion
of the input waveshape and determine its
corresponding output waveshape. The wave-
shapes are shown in Figure 7-27E. You will
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Figure 7-28. Clamper Circuit Waveforms

find that the operationofthe negative clamper
18 lke that of the positive clamper except
for the reversal of polarities.

7-89. At time TO, the +25 volts input signal
applied to the circuit appears across Rl and
CR1, The 26 volts felt across CR1 makesthe
anode positive with respect tothe cathode and
CR1 conducts heavily, Dicde resistance i3
very small a0 C charges quickly. As the
voltage acrosa C increases, the output volt-
age decreases. The voltage across Creaches
25 volts quickly and during most of time T
to T1 the output voltage is zero,

7-100, At time T1, the voltage across the
capacitor and the input voltage are ‘series
aiding.; Thus, <50 volts appears asthe ocutput
voltage.

7-101. At this time, the diode 18 reverse
blased and does not conduct. Due to the size
of R and C, the capacitor diachargea down to
approxmately 23 volts during time T1 to T2,
Using K irchhoff’'s voltage law, the output
voltage decreases from =50 volts to -48
volta,

7+102, At time T2 the input signal, +25
volts, and the 23 volts across C are geries
opposing. Thua, the output voltage i +2
volta,

7-103. The anode of CR1 is positive with
respect to the cathode and CR1 will conduet.
During time T2 to T3, C charges quickly
from 23 to 25 volts through CR1. Atthe same
time the output voltage falls from +2 volts
to 0 volta.

7-104. At time T3, the input and E¢ are
gerieg aiding, Thus, the output voltage 18«50
volta, During time T3 to T4, CR1 18 reverge
blased and C discharges through R. Notice
how the eircuit Operation 18 the same as it
was from T1 until T2, The circuit operation
for each next square wave cycle duplicates
the operation which oceurred from T1 to t3.

7-105. As was the case with the positive
clamper, the amplitude and shape of the output
waveshipe 18 almoat identical to that of the
input waveshape. Note here, however, thatthe
upper extremity of -the cuput waveshape ig

clamped to zero. That 18, the output wave-
shape, for all practical purposes, lies entirely
below the zero reference level,

7-108. We have used oniy the S8quare wave
input sfgnal to simplify the explanation ofthe
clamping eircuits, Clamping circuit input
waveshapes may be of any shape and may be
diatributed in any manner with respect to
any referencelsvel. Ideally, the output wave=
shaps 18 an exact duplication of the input
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in shape and amplitude, clamped above (posi-
tive) or below (negative) the reference level.

7-107. Figure 7-24 illustratee & sine wave
lnput applied to poeltive and negative
clampers. The important points to note here
are that: (1) the outputs have the same shape
and peak-to~peak amplitude as the input wave-
shapes, (2) the lower extremity of the posi-
tive clamper output touches the zero refer~
ence level and the rest of the waveshape 13
above the reference level, and (3) the upper
extremity of the negative clamper cutput
touches the zero reference level and the
rest of the waveshape is below the zero
reference level.

7-108. Follow these 3teps to determine
clamper output waveshapes:

7108, Determine Wwhether the clamper (s a
positive or negative clamper. If the diode's
cathode 18 connected to the capacitor, it is
a positive clamper. ¥ the diode’s annde i8
connected to the capacitor, it 18 & negative
clamper.

7~110., Draw the clamping reference level.
With clampers studied thus far this i2 zero
(ground).

/7

7~111. Draw the input waveshape exactly as
it 18 with respect to shape and peak-to-peak
amplitude, but with its lower extremity on
the clamping reference level for a positive
clamper or its upper extremity onthe clamp-
ing reference level for a negative clamper.
This is now the output waveshape of the
clamper circuit.

7-112. Blased Clampers

7-113. Some circuit applications require an
input waveshape clamped to some DC refer-
ence level other than ground, Recall the
definition of biag -- “DC voltage or cur-
rent used to establish an operating point.”’
Bias in clamper circuits sets the operating
point. Biased clamping circuits operate
exactly the same as the unblased clamper
circults except for the addition of a DC
blag voltage in serles with the diode and
resiator. The size and polarity of the bias
voltage determines the output c¢lamping
reference.

7-114. Figure 7-28A illustrates the circuit
of a positive c¢lamper with positive bilas.
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Figure 7-20. Poaitive Clamper with Positive Bias
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Note that this is a positive clamper because
the diode’s cathode is connectedtothe capaci-
tor. It has positive bais since the negative
side of the battery is tied to ground. The
purpose and action of the capacitor, resistor,
and diode are the same as in the unbiased
clamper circuit.

T=115. Now, with no current through resistor
R or the diode CRl, the voltage of the bat-
tery appears across the output terminals.

7-116. Battery Bl establishes the DC refer=
ence level at +10 volts, The input waveshape
of Figure 7-29A is a square wave which
varies between +25 and ~25 volts. The output
waveshape i8 shown in Flgure 7-29B,

7-117, Here, as with the unbiased clampers,
let’s use Kirchhoft’'s voltage law to deter=
mine circuit operation. With no input signal,
the output is +10 volts.

7-118. At time T, the =25 volt signal applied
to the ecircuit is instantly felt across R
and CR1 in parallel. The ~25 voit input sig-
nal forward biases CR1, and C will quickly
charge to 35 volts, leaving +10 volts across
the output terminals most of the period from
TO to T1. Mark the polarity of the charged
capacitor.

T-119. At time T1- the 35 volts across the
capacitor i§ series aiding the +25 volt input
signal. Now, the output voltage {5 +60 volts;
the voltage across R and CRI1 is +50 volts
and Bl is 10 volts. At this time, the cathode
of CR1 is positive with respect to the anode
and the diode will not conduct. During time
Tl to T2, C will discharge slightly through
the large resistance of R, Assume that,
due to the slze of R and C, the capacitor
discharges 2 volts {from 35 volts down to 33
volts). Thus, the output voltage drops from
680 volts to +58 voits.

7-120. At time T, the -25 volt input signal
and the 33 volts acrross Care series opposing.
This muakes the voltage across the output
terminals ,8 volts. The dicde’s cathode is
2 volts neganve with respect to its anode so
CR1 conducts. Again, considering the forward-
biased diode as u short, C charges quickly

from 33 volts to 35 volts. Most of the time
from T2 to T3, therefore, we find the output
voltage is +10 voits.

7-121. At time t3, the +25 voits of the input

signal is series aiding the 35 volts across
C, and again we find the output voltage is
60 volts.

T=122. Observe that at time T3 the condi-
tions in the ecireut are the same as they were
at time T1., Thus, the ¢ircult operation from
T3 to T4 is the same as it was from T1 to
T2. In fact, the circuit operation with
every next input square=wave ¢ycle is a dupli-
cation of the operations which occurredfrom
T1 to T3.

7-123. By comparing the input waveshape with
the - output waveshape, you should note the
following facts: (1) the peak«to-peak amplitude
of the input waveshape has not been changed,
for all practical purposes, by the action of
the clamper circuit, (2) the shape of the input
wave has not been changed, and (3) the output
wave shape iS 0¥ above +10 volts. Note that
this clamping level (+10 volts) is determined
by the bias battery.

T=124., A quick summary of the circujt
operation is as follows: The capacitor is
charged to 35 volts by the 10-volt bias
battery and the =25 volt input_signal which
are series aiding. The capacitor does not
discharge any appreciable amount b2fore the
input signal recharges the capacitor. Thus,
the 35-volt charge across the capacitor adds
to the input signal to produce an output
signal which varies between +10 volts and
+60 volts.

T-125, The self-adjusting feature and the
relationship of the size of R and C are the
same as with the positive unbiased clamper
circuit. In fact, the only significant dif-
ference in the operation of the positively-
biased positive clamper and the unbiased
version of the same circuit is the battery
and the clamping level.

7-126. Let’s see what happens tothe clamping
reference level when the battery Bl is in-
creased to 20 volts (Figure 7-30). Now the
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capacitor to 45 volts. The capacitor remains

charged to 45 volts (for all practical pur-

poses) since its discharge through Ris almost

JOV- - negligible. The cutput voltage equals the sum

+20V- _.U—LJ_L" of the input and capacitor voltages. When the

input voltage is +25 volts, the output voltge

i +70 volts. When the input voltage 18 -25
volts, the output is +20 volts, Thus, the output
voltage varies between +20 volts and +70

REP4=1469 volts, Note that the lower extremity of the
output 18 clamped to +20 volts, the value of
battery Bl.

R1

Figure 7-30. Positive Clamper with Positive 7-127. Figure 7-31A is the circuit of a
Bias {(20V) positive clamper with negative bias. Obgerve

that, with no input signal, the capacitor

capacitor is initially charged to 20 volts charges through R to the bias battery voit-
with no input signal. The =25 voltinput signal age and the output voltage equals that of Bl.
and the 20-volt battery, in series, chargethe The ecircuit has negative biaa because
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Figure 7-31. Positive Clamper with Negative Blas
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Figure 7-32, Negative Clamper with Negative Bias

the positive side of the battery is grounded.
The output waveform is shown in Figure
7-31B, Study the figure carefully and note
the {ollowing important points: The peak-
to~-peak amplitude and shape of the ocutput
wave, for all practical purposes, is the same
ag the input wave. The lower extremity of the
output wave is now clamped to -10 volts,
the value of battery B).

7-128. A summary of the circuit operation is
as follows: The capacitor is initially charged
to -10 volts with no input signal, and diode
CR] does nor conduct (it conducts only when
its cathode is more negative than its anode).
The =25 volt inpul signal and the =10 voits
on the bYattery fnrward bias CR1, and the

capacitor charges to +15 volts. Once the
capacitor is charged, it remains chargedto

15 volts {for all practical purposes, since its
discharge through R is negligible). The output
voltage is equal to the algebraic sum of the
capacitor voltage and the input voltage. The

+25 volt input signal is series aiding the
capacitor voltage and develops +40 volts
between the output terminals., When the input
voltage is =25 volts, CRl conducts and the
output voltage is =10 volts (~25 Vplus +15 V),
Thus, the output is clamped to -10 volts.
Changing the size of the battery changes the
clamping reference level to the new voltage.

7-128. Figure 7-32A is the circuit of anega-
tive clamper with negative bias. Again with no
input signal the capacitor charges to the bat-
tery voltage, and the output is negative because
the positive side of the battery is grounded.
Figure 7-32B suows the output of the ¢circuit,
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Figure 7-33. Negative Clamper with Positive Bias

Study the figure carefully, and note the fol-
lowing important points: The peak-to-peak
amplitude and shape of the output wave,
for all practical purposes, is the same asthe
input wave. The output wave is now clamped
to -10 volts, the value of the battery Bl.
Since this is a negative clamper, the upper
extremity of the wave touches the -10 volt
reference line {and the rest of it lies below
this voltage level).

7-130. A summary of the circuit operationis
as follows: The capacitor is initially charged
to -10 volts with no input signal. Apply

Kirchhoff’s law to find that the +25-volt

input signal and the !0-voit battery are in
geries aiding. This forwardbiases CR1 andthe
capacitor charges to -35 volts. The output

voltage is equal to the sum of the capacitor
voltage and the input voltage. Thus, the output
voltage varies between -10 volts and -60
volts, and the waveshape is clamped to -10
volts.

7-131. Figure T7-33A illustrates the circuit
of a negative clamper with positive bias.
Wwith no input signal the capacitor charges
to the battery voltage, and the output isposi-
tive because the negative side of the battery
is grounded, Figure 7-33Billustrates the out-
put of the circuit. Study the figure carefully,
and note the following important points:
The peak-to-peak amplitude and shape of the
output wave, for all practical purposes, are
the same as the input wave. The output wave
is now clamped to +10 volts, the value of

7-27
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battery Bl. Beinga negative clamper (emitter
to ground), the top of the output wavetouches
the +10-voit reference line.

7-132, A summary of the circult operation
18 as follows: With no input signal the capaci.
tor charges to 10 voits, The +25 volt input

signal forward biases CR1 and, with the 10 -
volt battery in series, charges the capacltor
to 15 voits. Once charged the capacitor
remains charged, for all practical purposes,
since its discharge through R is almost
negligible. The output voitage 1s equal to the

algebraic sum of the capacitor voitage andthe
input voltage. The +26~volt input algnal added
to -15 volt capacitor charge and the -25
volt input signal added to the -15 voit
charge cause the output voltage to vary
between +10 voits and -40 volts. The wave-
shape is negatively clamped to +10 volts.

The battery voltage gets the clamping refer-
ence level. Positive clamping sets the wave-
shape above {negative peak on} the refer-
ence level, and negative clamping piaces the
waveshape below (positive peak on) the
reference level.
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Module 42
PRINCIPLES OF OSCILLATION

Electronic circuits, called oscillators, are
required inpractically every electronic appli~
cation. Since an oscillator is nothing more
than an amplifier that provides its own in-
put signal, it is logieal to study oseillators
right after a study of amplifiers.

No doubt you have heard a public address
system start producing an irritating squeal
during use. If you have used such a system
yourself, you probably know that the squeal
can be eliminated either by moving the spealer
or microphone or by decreasing the gain of
the system amplifier. The method used to stop
the public address system squeal is a reverse
of one of the requirements for producing a
usable sine wave signal. The PA system
squeal is started by noise (a phenomenon
of every electronic circuit) being generated
in the amplifier, This noise is fed to the
speaker and from the speaker back to the
microphone. (See Chapter 2 in Student Text.)
From the microphone, it is again amplified
and this action continues until the noise
reaches the level of a squeal.

The squeal can be stopped by moving either
the microphone or speaker so that the speaker
output does not feed into the microphone.
The feedback path is broken. FEEDBACK,
then, is one of the requirements for pro-
ducing a signal. In addition, the squeal .can
be stopped by reducing the amplification.
Therefore, AMPLIFICATION is another re~
quirement for producing a signal. In the PA
system squeal, you probably noted that the
pitch of the sound varied and the frequency
was changing. In other words, the PA system
was producing a signal that was unwanted,
and the frequency was wavering up and down.
The PA system did not have the third
requirement of a usable Sine wave gene-
rator- A FREQUENCY-~DE TERMINING
DEVICE.

When
determining

amplification, a
device, and

the proper phase and amplitude are combined
in a practical circuit, the circuit is called

frequency-~
feedback of

/as

an oscillator. Let us discuss each of the
three requirements individually.

The amplifier used as an oscillator can be
any of the three different solid state con-
figurations; common emitter, common base,
or common collector. It can operate Class
A, Class B, or Class C. The configuration
used and class of operation depends upon
system requirements, such as power, fre-
quency, stability, and will determine the
feedback arrangement.

Feedback is taking a portion of the output
and returning it to the input. In order to
compensate for circuit losses, the feedback
in an oscillator must be regenerative. You
should recall that a common emitter amplifier
phase shifts the signa) 180° between input
and output, while a common base and com-
mon collector DO NOT. Therefore, in order
to have proper feedback, the signal must be
phase shifted 180 degrees between collector
and base when a common emitter configura-
tion is used. No phase shift is required
between output and input when either of the
other two configurations are used. {see figure
42-1).
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Basically, three different methods are used
for producing and maintaining a particular
frequency. We have previously discussed
parallel resonant LC tank circuits and their
ability to ‘‘ring’’ or oscillate. It is very
common for these circuits to be used as the

frequency-determining devices in oscillators.

Damping of the signal produced is offset by
the amplification and regenerative feedback.

Another type of frequeucy-determining
device (FDD) is the quartz crystal. You may
recall the ability of a quartz crystal waferto
vibrate, at a frequency determined by its
thickness, when voltage is applied. The
crystal has the same basic qualities as the
LC tank eircuit. On the other hand, the @
of the crystal is much higher and frequency
stability using a quartz erystal as the FDD
will be much better. Resistors and capaci-
tors are used as the FDD in lower frequency
oscillators.

Review the formula

ft = 1

°  of/IT

for frequency of an LC tank circuit. From
this formula, it is quite obvious that a very
low frequency oscillator would Trequire
extremely high wvalues of inductance and
capacitance, making an LC tank -circuit
impractical. The quartz crystal wafer would
have to be thick to produce alower frequency,
and require a large potenttal to start it
vibrating. Therefore, the ability of resistor/
capacitor combinations to produce a phase
shift is put to use. Since resistor/capacitor
networks produce 180° phase shift at ONE
frequency, they can be used to determine
frequency in these ranges.

Module 43
SOLID STATE LC OSCILLATORS

Oscillators that use an LC tank circuit
as the frequency determining device are
termed LC oscillators. One type of LC
oscillator is the series Hartley. The iden-
tifying feature of a Hartley oscillator is the

/R0

tapped inductance used to obtain feedback.
It is called series because the frequency
determining device is in series with the DC
flow. Another type is the shunt Hartley.
It is identical to the series Hartley except
that a load resistor has been addedinthe col-
lector circuit and a capacitor hag been added
between the collector and LC tank eircuit to
block DC. {See Chapter 2 in Student Text.)

A third type of LCoscillatoris the Colpitts.
Its identifying feature is that regenerative
feedback is obtained by tapping across a
capacitive voltage divider . This arrange-
ment provides better frequency stability by
reducing the effects of changes in the tran-
sistor’s interelement capacitance. (See
Chapter 2 of Student Text.}
The only basic change to the Colpitts oscii-
lator to make it a Clapp oscillator refer
tothe figure in Student Text) is the addition
of C5 in series with L[], This capacitor
is added to simplity changing frequency.

The Butier crystal oscillator (see Chapter
2 of Student Text) was included in this
LC oscillator section because the quartz
crystal closely displays the qualities ol the
LC tank circuit at its resonant frequency.
A quartz crystal has a much higher Q than
an LC tank circuit, and the frequency sta-
bility is superior.

Take guother look at the schematic dia-
grams referred to in the above paragraphs.
It should be evident that all of these cir-
cuits have several things in common. They
are as follows: (1) a method of obtaining
forward bias to start and maintain tran-
sistor conduction, (2) a frequency deter-
mining device, (3) temperature stabilizing
resistors in the emitter circuits, (4} bypass
capacitors to prevent degeneration, (5) an
output coupling method, and (6) a feedback
loop to couple a portion of the output back
to the input in the proper phase to sustain
oscillations without damping.

Troubleshooting an oscillator is no dif-
ferent than troubleshooting an amplifier. we
have to remember that an oscillator pro-
vides its own input signal. If the feedback

i,
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Figure 44-2. Wien Bridge Oscillator

In the study of amplifiers you read that
changing the value of the collector load
resistor would change a stage’s amnplification
factor. When the collector load resistor (R6)
in figure 44-1 is changed, itvariesthe signal
amplitude at the output by controlling the
collector swing of Ql and directly affecting
the amount of feedback.

In order to begin our analysis of the Wien
Bridge Oscillator, we must identity the com-
ponents and paths used to couple the tran-
sistors. One path consists of the collector
of Q1 through C3 to the base of Q2. The
other path starts with the collector of Q2
through C4 and either by way of R3 to the
emitter of Ql or via R1/Cl1 to the base of

Ql.

Regenerative feedbackis applied to the base
of Ql, and is the result of voltage varia-
tions on the base of Ql undergoing two 180
degree phase shifts-in Ql and Q2. In other
words, any signal on the base of Q1 will be
developed on its collector 180 degrees out of
phase. Another 180 degree phase shift will take
place in Q2, and the resulting output will be
fed back to the base of Ql. The teedback sig~
nal to the base of Ql will be in phase with
the original. This feedback network contains
two RC circuits which are frequency sensi-
tive. Therefore, one frequency will be re-
generated and other unwanted signals in the
circuit will be inhibited. R1, C1, R2, and C2
comprise the frequency determining device,
and changing the value of any one or combi-
aation of these components will change the
operating frequency.

Degenerative feedback is routed through
the non-reactive (not frequency sensitive)

o DEGENERATIVE
FEEDBACK

—R3-Rd

AMPLITUDE

fo
FREQUENCY
REP4-1428

Figure 44-3. Feedback Curve

path made up of R3, R4 and the emitter of
Q1. Bince this is the same signal which was
used for regeneration, it will be degenerative
when applied to the emitter of Ql. Figure
44-3 represents hoth types of feedback. The
bell curve shows that regenerative feedback is
maximum at the point identified Ip and drops
off above and below that frequency. The
straight line labeled degenerative feedback
is the same level regardless of frequency.
Degenerative feedback is required to reduce
the band of operating frequencies orincrease
stability. This is represented by the width
of the bell curve at the points of intersection
with the degenerative feedback line on figure
44-3. The oscillator has a variable resistor
R3 in the feedback path which can control
the level of degeneration and frequency
stability. Refer to figure 44-3 and try to
plcture the change in position of the degenera-
tive feedback line as R3 is changed. (Move
up for increase and down for decrease in
degeneration).

In order to produce a sine wave output,
both the Phase Shift and Wien Bridge oscii-
lators must be operated Class A. The reason
for this is that peither circuit contains an LC
tank circuit that will ‘*ring’’ and produce a
sine wave when unly a small portion of a
sine wave is applied to it.

For troubleshcoting, refer to explanation
in Volume VI of the Student Text. Laboratory
Exercise 44-1 will also illustrate the effects
of certain malfunctions, and demonstrate the
proper methods to use in measuring output
amplitude and frequency.
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path is broken, the input signal is lost, and
the oscillator will not funection. The direct
current paths should be analyzed as voltage
divider networks between groundand V¢, and
a complete review of simple voltage divider
troubleshooting might beto your advantage

before attermpting to troubleshoot these oseil-
lators, If you neec further troubleshooting
assistance, Student Text Vi Chapter 2 on
troubleshocting the different oscillators offers
more thorough discussion of th subject.

Module 44

SOLID STATE RC QSCILLATORS

During this discussion of RC oscillators,
two types will be used. Figure 44-1 is called
a Phase Shift oscillator, and figure 44-2
is a Wien Bridge oscillator.

Both of these circuits have distinctive
identifying features. The figure 44-1 Phase
Shift oscillator has three capacitors in series
between the collector and base. The Wien
Bridge oscillator usestwotransistors, output
and feedback are taken from different peints
and it employs regenerative and degenerative
feedback,

The forward bias arrangement for both of
these oscillator circuits is identical to many
other oscillator and amplifier eircuits you
have previously studied, and no detailed
explanation will be offered here. Since the
frequency-determining devices for these
oscillators are not similar to those pre-
viousiy studied, they willrequire an analysis.
You will have to recall your study of RC

y
al|lcl . g:ol RS

A
L

. 5
L__I_ -Vee

RI R %3 :Rd‘l‘(:d?

A

REP4~1425

Figure 44-1. Phase Shift Oscillator
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time constants and the phase differences which
exist across resistors and capacitors. In
addition, you snould keep in mind that the
degree of phase shift 1s dependant upon fre-

quency and the wvalue of resistance and
capacitance.

Look atthe Figure 44-1 schematie dlagram.
Note that three RC networks (C1/R1, C2/R2,
C3/R3) are in the feedback path between
collector and base. A common emitter con-
figuration amplifier circuit is used and any
signal appearing at the base will be shifted
180 degrees at the collector. To have regenera-
tive feedback, the signal must be shifted
another 180 degrees between the collector and
base. Since the phase shift acrossanyoneRC
network is always less than 90 degrees, it
requires at least three RC networks toobtain
a phase shift of 180 degrees. Since frequency
partly determines the amount of phase shift
that will ocecur across any RC combination,
it follows that a specific combinationofthree
RC networks will produce a shift of 180
degrees at only one frequency. Therefore,
only one frequency will be shifted in phase the
right amount between collector and base to
be regenerative. This will be the frequency
at which the oscillator will operate.

It we wish to change the oscillating fre-
quency, we must consider altering the value
of the resistance or capacitance in the RC
network. If any resistor or capacitor in the
feedback path is changed, the frequency that
will produce a 180 degree phase shift will
also change. In figure 44-1 Cl1, C2, C3, R1,
and R2 are shown as variable, and changing
one or all will cause a change in frequency.
Remember that R3 is part of the frequency-

determining device, but it is not variable.
K3 is also part of the forward bias divider
network, and should not be varied because
a change in its resistance would change the
forward blas and amplification factor of the
transistor. It is doubtful that you will ever
see a Phase Shift oscillator in use that will
have all of the components variable, as shown
in figure 44-1. It is depicted here so that
you will realize that it is possible to change
freqiency by changing any of the component
values in the feedback loop.
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Module 45
SOLID STATE FREQUENCY MULTIPLIERS

The highest frequency at which an oscil-
lator ean function is dependent upon several
limiting factors. These factors include cem=
ponent sizes, critical operating character-
istics and restricted construction tolerances,
These limitations and others are offset by
using [requency multipliers. The multiplier
is an electronic circuit that produces an
output which is a multiple of its input [fre-
quency. The cirecuit can be a doubler (out-
put frequency = input frequency X 2), a
tripler {(output frequency = input frequency
X 3), or higher. Normally, the multipli-
cation factor will have upper limits, but work
around proeedures can be used to counter-
act these limits,

You may recall from a previous module
that square waves contain mmany harmonics
or multiples of the fundamental frequency,
and class B or C amplifiers cause squaring
of the input signal. Based on these theories,
it is possible to take a sine wave out of an
oscillator, feed it into a class B or C ampli-
fier and produce a distorted or squared output.
This output contains large numbers of har-
monics or multiples of the fundamental input
frequency. The next step is to select the
desired multiple and this canbe accomplished
by an LC tank or filter. When inserted in
the amplifiers output, the filter will passone
of the frequency components contained in
the square wave.

1z general, the upper limit of a multiplier
is the 4th harmonic due to power and stability,
1f the output is required to be higher than 4
times the oscillator frequency, several fre-
quency multipliers can be cascadedtogether,
For example, the output of an oscillator
could be connected to a doubler, a tripler,
and another doubler. This arrangement would
give a multiplication factor of 12. (Oscil-
lator frequency x 2 x 3 x 2 = Oscillator
freguency x 12.) If the input frequency
and the value of L and C of the filter is
known, it is relatively simple to calculate
the output frequency, and determine the
multiplication factor.

/27

For instance, with the information given
onh the frequency multiplier schematic tigure
45-1, the output frequency and multiplication
factor is calculated as follows; ’

First, the resonant frequency is caleulated
uging the formula:

f_.lﬁi
o VLC

159

J1x107° x10x 107"

2

.159

Viz103x1x10 2

=,159 x 10'7

1.59 MHz
The output frequency has been calculated to
be 1.59 MHz or 1,590 kHz. By dividing the

input frequency into the output frequency:

1,590 kHz
530 kHz

The multiplication factor is 3, and the
circuait is a tripler.

ADJUSTED TO

RErd4-1429

Frequency Multiplier




Module 46

SOLID STATE PULSED AND BLOCKING
OSCILLATORS

Radar transmitters require an oscillator
that produces an output for a short dura-
tion, and is then turned off for a period
of time. Frequency shift teletype multiplexers
and telephone ringing circuits sometimes
uge thig type circuit, Oscillators performing
this function are called pulsed oscillators.

Like other types of circults you have
studied, several different varieties are avail-
able for different applications. The schematie
diagram figure 46-1, with input and output
signals shown, will be used during
the explanation that follows.

Figure 46-1 is a schematic diagram of a
collector—loaded pulsed oscillator. The circuit
is a simple common emitter amplifier with
Cl to provide input coupling.rl1 furnishes
a path for, and limits the amplitude of for-
ward bias current, and the 1.C tank circuit
(C2/1L1) is the collector load. The name of
the circuit comes from the fact that the 1.C
tapk is in the collector circuit. If placed
in the emitter circuit, it would be called an
emitter-loaded pulsed oscillator.

Prior to the negative gate input, QI is
forward biased, collector current {lows, anda
small voltage will be dropped across L1 and
C2. The negative gate is coupled through
Cl to the base of Ql, overcomes the for-
ward bias and causes it to cut off. Current
stops and_ the tank in the collector will
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oscillate or FLYWHEEL. The sine wave
output during this period, is shown in the
waveform diagram.

The frequency of the output sine wave is
determined by the values of C2 and L1,
The period that oscillations are produced
is determined by the width of the input gate.
At T1, the input gate goes in a positive
direction, @1 is again forward biased, col-
lector current flows, and osciliations stop.
At T2, the input gate again cuts Q1 off, and
oscillation starts,

You should have noticed that no mention
has been made of regenerative feedback.
Remember that regenerative feedback was a
requirement when oscillation is to be SUS-
TAINED over a long pericd. In this circuit
oscillation is only required for short periods.
As the width of the input gate is increased
the amplitude of the sine wave will begin to
decrease (dampen) and may eventually stop.
If long periods of oscillation are required
for a particular appliecation, a different pulsed
oscillator (with feedback) will be used. You
may read about this other type by consulting
paragraphs in chapter 3 of Volume VI Studen.
Text.

Bloeking  oscillators are used in
applications which require narrow pulses with
sharp leading and lagging edges. They are
used as trigger generators or frequency
dividers in trigger processing circuits. The
name comes from the internal action of the
circuit which will produce a narrow pulse
and block (cutoff) itself. The simplified
schematic diagram and associated wave-
shapes in figure 46-2 will be used to explain
its operational eharacteristics.

Look at the ecircuit components and try
to understand their purposes. Rl is connected
between the base and Vo to provide a
path for forward bias and limit the amount
of current. L1 and R2 form the collector
load with L1 acting as the primary of a
feedback transformer T-1. L2 is the
secondary, and in conjunction with C1 applies
feedback from the collector to the base of
Ql. C1 and R1 work together to keep Ql
cutoff for a period of time {(dependent upon
the RC time constant) and determine the rest
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Figure 46-~2, Blocking Oscillator

time (T1 to T2) of the output signal. PRT,
(TO to T2) and PRF are determined by T1,
Cl, and R1l. Let’s see how all this takes
place, (Disregard R2 for the present.)

Assume that power is connected to the
circuit at time TO0, Forward bias is applied
by R1, and collector current starts to flow.
At first, Ll offers maximum opposition,
drops most of the V¢, and collector voltage
rapidly decreases. The negative going voltage
at the bottom of L1 is coupled across Tl,
shifted in phase and increases the conduction
of Q1 by aiding the forward bias. This
increase in current eventually causes trans-
former saturation. The time that it takes for
Tl to saturate {TO to T1) determines the
pulse width. When current maximizes in L1,
there is no longer a moving magnetie field,
and induction into L2 stops. Cl which
has charged from time TO to T1, will now
discharge through R cutting Q1 off. Q1 will
remain cuteff until Cl has discharged to
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the forward bias level. This time is shown
on the base wavefcrm between T1 and T2.
The ohmic value of R1 and the capacitance

/3~

of Cl1 will determine the time it takes 1
to discharge, and determine the time from T1
to T2. Decreasing either Cl or R1 would
decrease rest time and increasing either
would increase rest time.

The collapsing magnetic field around L1
will cause ripples (ringing) on the collector
waveform when the transistor is cutoff. The
tigher the @ of L1, the greater the ampli-
tude of these unwanied oscillations. With
R2 connected across L1, the Q of L1 can be
reduced to eliminate these osciliations. The
diagram of output pulses in figure 46-3
illustrates this fact. Pulse A would occur
if the R2 resistance is adjusted too high.
Pulse B results when R2 is properly ad-
justed, and pulse C is generated if R2
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Figure 46-4. Triggered Blocking Oscillator
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resistance is too low. The formula for Q,
considering external resistance {s:

The frequency of blocking oscillators is
often critical. Since there are inherent in-
congistencies, the circuit just discussed would
be unsatisfactory for applications requiring
stable frequency output. In such cases, an
outside trigger can be used to control the
frequency. The circuit and waveforms of
figure 46-4 illustrate this stability control.
The circuit operation is identical to the one
just discussed, except that the trigger causes
the transistor to conduct before Cl is com-
pletely discharged.

Figure 46-4 can be used to help explain
the frequency dividing capability of the
blocking oscillator. Input triggers combine
with the base waveform to alter the natural
operating frequency. At times TO and T2,
the trigger can overcome the reverse bias
and cause Ql to conduct. At Tl, however,
the capacitor Cl1 has not discharged enough
to allow this to occur. The circuit responds
to every second trigger, doubles the time and
divides the frequency by two. For this reason
the circuit may be called a 2 to 1 blocking
oscillator.
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Module 47

SOLID STATE MULTIVIBRATORS

In general, multivibrators produce square
or rectangular waveshapes in their output.
They are used in numerous applications such
as timing, gating, shaping, storing, shifting,
and {requency division. Because of their
numerous applications, three basic types are
required. However, for specialized appli-
cations, the basic types are frequently modi-
fied as required to fit the specific need.
The theory of operation of all types are
very similar, and complete mastery of one
will enable you to distinguish and under-
stand individual differences.

Identification of the three basic types is
relatively simple. Figure 47-1 represents a
basic Astable, figure 47-2 a Monostable,
and figure 47-3 a Bistable multivibrator. The
output waveshapes of each are shown, along
with the input trigger if atrigger is required.
Use these schematic diagrams and wave-
shapes while reading the explanations that
follow.

The names of the three basic multivibrators
are derived from the number of stable states.
For instance, the Astable has no stable state.
Ql and Q2 will alternately switch from cut-
off to saturation. When Q1 is cutoff, feedback

NC .
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Figure 47-1. Astable Multivibrator and Waveshapes
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causes Q2 to saturate. The Monostable has
one stable state. Because of the biag arrange-
ment, one transistor will remain cutoff (Ql
in figure 47-2), and the other will remain
saturated until an external trigger is applied.
The trigger will cause the cutoff transistor
to saturate and the saturated tramsistor to
cutoff. After a period, determined by the RC
time constant (R2 and C2 of figure 47-2),
the circuit will return to the original state
until the next triggeris applied. The Bistable,
as the name implies, has two stable states.
One transistor will be saturated and tie other
transistor cutoff until an external trigger is
applied. The trigger causes the transistors
to reverse states, and rernain in the reverse
state until a second trigger is applied to
switch them back.

For circuit identification, (figure 47-1)
note that the astable circuit has a resistor/
capacitor combination in each base circuit,
C2/R3 for Q2, and C1/R2 for Ql. The
monostable has a resistor/capacitor combi-
nation (figure 47-2) in only one base circuit
(R2/C2 for Q2). The bistable uses direct
coupling from the collector to base of both
transistors (figure 47-3). In addition, the bi-
stable employs an emitter resistor that is
common to both transistors (R4).

The waveshapes of each type multivibrator
are valuable aids to understanding their
operational characteristics. For instance, the
waveshapes of the Astable circuit show that
Ql is saturated (TO to T1) while Q2 is cut-
off. It also shows that Q2 is being held at
cutoff by the negative signal on its base.
Furthermore, it shows that the voltage onthe
Q2 base decreases at an exponential rate,
and Q2 again becornes saturated when the
voltage decreases sufficiently. C2discharging
through R3 determines how long Q2 stays
cutoff. Cl discharging through R2 deter-
mines how long Ql remains cutoff {T1 to
T2). The cutoff time of Q2 added to the
cutoff time of Ql produces one cormplete
cycle (TO to T2). Therefore, the output PRF
is controlled by the base RC components
(r2, C1, R3, C2). The square wave can be
taken from the collector of either tran-
sistor with 180 degrees phase relationship.”

The astahle multivibrator waveshapes are
fairly straightforward, and if the location of
one waveshape is given, tbe location of the
other three can be determined. Note thatboth
transistors are common emitter configura-
tions, and a phase shift of 180 degrees will
take place between the base and collector
of each. Since the base circuits have RC
time constants determining their waveshapes,
they will have exponential curves. If you
were given the waveshape for VpQ2, you
would know that VpQ2 is the same shape but
180 degrees out of phase. OQther similar
relationships exist among the waveshapes of
the astable multivibrator.

The waveshapes for the monostable and
bistable circuits arz egually as simple to
determine. You should note that the mono-
stable circuit has an exponential base cir-
cuit waveform on only one transistor, and the
bistable circuit has square waves throughout.
In addition, the monostable circuit pulse width
(Tl to T2) is controlled by the size of C2
and R2, but the output PRT (Tl to T3)is
controlled by the input trigger. Both the pulse
width (T1 to T2) and PRT (Tl to T3) of the
histable circuit is controlied by the input
trigger. The bistable circuit takes two trig-

gers to produce one cycle out, or it divides
the input frequency by two.

Troubleshooting multivibrator circuits (see
figure 47-4) is relatively simple if you
remermber the basic concepts of transistor
amplifiers. For instance, you may recall
that increasing forward bias on a transistor
decreases the transistor's resistance and
increases the current flowing through it.
1f the forward bias is increased enough, the
transistor wi’. become saturated, its resist-
ance will be very low and the voltage from
collector to ground (V) will almost drop
to zero.

On the other hand, decreasing forward bias
on a transistor increases its resistance and
decreases the current through it. If the bias
iz decreased enough, a point is reached
where it becomes reverse biased, and the
transistor is cutoff. When cutoff is reached,
resistance is maximurm and current almost
ceases to flow through it. At cutoff, the
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Figure 47-4. PNP Astable Multivibrator

collector to ground (Vc) voltage is nearly
equal to Ve

Symptom: V¢ of Ql is nearly equal to
Ve and Ve of Q2 js very close to
zero volts. (See figure 47-4).

Cause: The symptom indicates that Ql isat
cutoff and Q2 is saturated. What would
cause this? QOne possibility is R2 open.
To understand this, trace the forward bias
current path for Ql from -V¢c, through
R2, the emitter/base junction to ground,
With R2 open, Q1 would have no forward
bias, It will be cutoff, and its collector
voltage (V) would very nearly equal
Vee. Veoc would be coupled from Ql
collector t0 Q2 base causing it to saturate,
and the collector to drop to a level eclose
to zero.

Q1 open would also cause this sSymptom.
Remember that applied voltage (in this
case (Vo) is dropped across an open.
Vec (from the collector of Ql) would be
coupled to the base of Q2, keeping it
saturated and its collector voltage nearly
equal to zero volts.

Symptom: VgQl i8 nearly equal to zero
volts, and Vg2 is nearly equal to Ve,

Cause: R3 open or Q2 open. If necessary,
you can explain this to yourself by following
the explanation for the symptom above,
and substituting Q2 for Ql, Ql for Q2,
R3 for R2, and R2 for R3.

Symptom: V) equals zero volts. VgQ2
is very low but greater than zero volts.

/37

Cause: RI1 open or Ql shorted would cause

this symptom. Rl and Ql are in series;
and with Rl open, total voltage would
be dropped across Rl, leaving none to be
dropped between the Ql collector and
ground. With Ql shorted, its resistance
would be zero ohms and would drop no
voltage from collector to ground. How
would this cause Q2 to be saturated and
keep the collector voltage near zero volts?
Recall that the only thing which will cause
Q2 to decrease in conduction (and cutoif)
is a changing voltage coupled to its base
from the collector of Ql, Since the col-
lector of Ql is remaining at zero volts,
C2 can not charge and discharge, and
nothing is coupled from the Q1 collector
to Q2 base. Therefore, since Q2 has a
constant forward bias from -V, through
R3, the emitter/base junction to ground, it
will conduct constantly near saturation.

Symptom: Vg and VeqQl is very low but

greater than zero volts.

Cause: C1l open or C2 open. Assume that

Cl is open for the following explanation.
When power is first applied, both tran-
sistors initially conduct almost at satura-
tion, and V¢ of both will be jJow. With
Cl open, nothing will be coupled from the
collector of Q2 to the base of Ql, V¢ of
Ql will stabilize at a value determined
solely by the amount of forward bias
current that flows through R2 and the
emitter/base junction. Since V¢ of Q1 will
not be changing, nothing will be coupled to
the base of Q2. Therefore, VCQ2 will be
determined solely by the forwardbias cur-
rent that flows through R3 and the emitter/
base junction. Since the value of R2 and
R3 is chosen to cause the transistors to
conduct near saturation, Vo of both will
be very low. By substituting C2 for Cl and
Q2 for Ql, you can go through the same
explanation for C2 open.

Symptom: VcQl equals Vec; VeQg nearly

equals zero volts.
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Figure 47-4. PNP Astable Multivibrator

Cause: Rl is shorted. Recallthatno voltage
is dropped across a shorted component (R1
in this case), and since Rl and Qi are in
series, Ve would be measured on the Q1
collector. This voltage is coupled to the
base of Q2 causing it to saturate, and its
collector voltage nearly equal to zero volts.

Symptom: Veqz equals Vee; Vet nearly
equals zero volts.

Cause: R4 shorted. You can explain this
maliunction by following the preceding
explanation, substituting R4 for R1, Q2
for Ql, and Q1 for Q2.

Before discussing the following mal-.
functions, a brief review is in order. Recall
that increasing forward bias of a transistor
beyond a given point (depending on the
transistor’s characteristics) will cause
structural breakdown and destruction of the
transistor. In all probability, structural break-
down would occur if anyY one of the base
components {Cl and R2 for Ql, and C2 and
R3 for Q2) is shorted. In the following dis-
cussions you can assume that the transistors
can stand the added current without structural
breakdown.

/35

Symptom: Vel and VCQ2 nearly equal to
zero,

Cause: Cl, C2, R2, or R3 is shorted. you
should see that parallel paths now exist
for forward bias current (from -Vge
through R2 and from ~Vee through R4
and around the shorted Cl). These two
currents combine as the base/emitter
current for Ql, causing Ve to be very
near zero. Since the voltage does not change,
nothing is coupled to Q2 to affect its
operation. R3 allows enough cu:: ent to
flow through the emitter/base junction of
Q2 to cause saturation and its collector
voltage will be near zero. Any of the
other three base circuit components shorted
will cause the same operation.

If you thoroughly understand the trouble-
shooting of the astable circuit as explained
above, you should be able to apply this
knowledge in troubleshooting the monostable
and bistable circuits.

If the waveshape of a square wave signal
becomes distorted or rounded, a Schmitt
Trigger circuit may be used. This circuit
will furnish a sharp rectangular output pulse
of about the same duration and polarity as
the input signal. The Schmitt Trigger restores
a distorted square wave to itsoriginal shape.

The Schmitt trigger is basically a multi~
vibrator. The main difference is that one of
the coupling networks is replaced by a com-
mon emitter resistor, providing additional
regenerative feedback to obtain a fester
switching time. The circuit is shown in
figure 47-5.

In the quiescent state, Ql is cut off, and
Q2 i3 held at saturation by the negative
voltage developed by the voltage dividing net-
work R3, R4, and R5. The current through
Q2 causes a voltage drop across R7, reverse
biasing Q1 and keeping it cut off. The output
taken from the collector of Q2 is about 0
volts.

At TO, the negative signal applied to input

A has sufficient amplitude to turn Q1 on.
The collector of Q1 goes to about 0 volts
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Figure 47-5, Schmitt Trigger

as the transistor conducts, This change in a
positive direction is coupled to the base of
Q2 causing a decrease in conduction. The
decrease in conductionof Q2 further increases
forward bias on Ql until it saturates. With
Q1 saturated Q2 will be cutoff and the out-
put will be close to V-

The circuit remains in this state until
Tl when the input voltage becomes less
negative, At this time, Ql will start to
conduct less and its collector voltage begins
to change in a negative direction. This
change is coupled tc the base of Q2 which,
in turn, reflects reverse bias on Ql to cut it
off. With the collector of Q1 at negative
Voo, Q2 conducts near saturation, and the
output is near zero volts.

Notice how the rounded input wave is
converted to a sSquare wave output. The
sharp rise and fall of the edges is due to
the regenerative feedback betweenQ2andQl.
Any slight change in the conduction of Ql
is applied to the base of Q2 which changes
the emitter voltage of Ql. Capacitor Cl
speeds the transition from one state to the
other.

Schmitt trigger circuits are not only used
for squaring circuits but also as voltagz-
level sensing circuits. Voltzge sensing
circuits are useful in warning or control
circuitry., If the input voltage rises above
or falls below a Specified level, the Schmitt

circuit produces an output, which activates
a warning device,

Since the troubleshcoting theory of the
Schmitt trigger eircuit is very similar to the
astable multivibrator, the following symptoms
and probable causes are presented without
explanation. Refer to figure 47-5 while
analyzing the troubles and causes.

Symptom: No output; VcQ2 is near zero.
Possible Causes: R3, R4, or Cl shorted;
R6 open.

Symptom: V¢gQ2 is normal; no output.
Possible Causes: Rl or Ql open; R2shorted.
Symptom: High frequency distortionin output.

Possible Cause: Cl open.

Module 48

SOLID STATE SAWTOOTH GENERATORS

A sawtooth generatoras the name implies,
generates an output signal shaped like the
tooth of a saw., The deflection plates of an
electrostatic deflection cathode ray tube,
such as used in most oscilloscopes, requires
a voltage of this shape for proper opera-
tion. Several methods, all involving the charge
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Figure 48-1. Sawtooth Generator

of a capacitor, are used in producing a signal
of this shape. We will discuss only one of the
most common solid state types.

The circuit and waveshapes shown in
figure 48-1 should be used with the explana-
tion that follows. .

First, look at the schematic diagram and
disregard the input signal. Q1 is biased
very near saturation by the current flowing
down from -V ¢, through R1, and throughthe
base /emitter junction to ground. With Q1
biased near saturation, it effectively shorts
Cl and a very small voltage (-2.5 volts,
as shown on the output waveshape) will be
dropped from collector to ground. Without
an input signal, Ve will remain at this
level.

Apply the positive going input gate (TO
tc T1) to the base of Ql. This positive
going voltage applied to the N-type base
reverse biases Q1, and causes it to cutoff.
When Q1 cuts off VCQI cannot immediately
jump to Voo because C1 has to charge.
Since the capacitance of Cl and resistance
of R3 determines how fast Cl will charge,
the Vegp will change gat an exponeatial
rate (TO to T1 of the output signal). The
charge time (slope) of the output wave is
developed at thistime. At T1 of the input
gate, the bhase signal goes back in a nega-
tive direction, Ql is again forward biased,
and the Ve of Ql returns to its original

level {~2.5 V). This change does not occur
instantly (as shown on the output signal)
because Cl has to discharge.Thedischarge
time is much less than the charge time,
because the capacitor’s discharge path con-
tains the very small resistance of the satu-
rated @l. A complete cycle has been pro-
duced in the output. The PRF of the output
is determined sclely by the input gate.
Observe that the slope portion (T0Q to T1)
of this output signal appears to be linear,
which 18 most important.

You may recall that the first 10% of the
charge on a capacitor is quite linear. You
can prove this by checking the Universal
Time Constant Chart handout given you
earlier in this course. If the capacitor is
allowed to charge to a level not exceeding
10% of applied voltage (.1 time constant),
the sawtooth wave will be linear. From
your experience with an oscilloscope, you
should appreciate the need for sawtooth
linearity.

The sawtooth voltage is applied to the
deflection plates to move the electron beam
across the oscilloscope face. If the sawtooth
was not linear, then the signal produced on
the oscllloscope face would not be linear.
Consequently, in order that frequency canbe
measured accurately, the sawtooth wave must
be very linear. It will be linear if the capa-
citor is not allowed to charge toc more than
10% of applied voltage.
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Now, how is the percent of charge con-
trolled? 1ln this circuit, it is controlled
two ways. The input gate determines the
cutoff and conduction time of Ql. 1t deter-
mines how long Cl will be allowed tocharge.
Linearity would be improved by shortening
the cutoff time of Ql, and impaired by in-
creasing the cutoff time of Ql. The values
of Cl and R3 will determine how fast Cl
will charge. Linearity can be assured by
choosing values of capacitance and resistance
such that not more than .1 time constant
elapses during the cutoff time of Ql. In-
creasing the size of either (or both) Cl
or R3 would improve output linearity, while
decreasing the size of either or both would
impair linearity. Amplitude of the sawtooth
could be increased by increasing Ve
without affecting linearity.

Troubleshooting from a praétical stand~
point of this solid state sawtooth generator
is adequately covered in the laboratory
exercise. However, a brief discussion of
theoretical troubleshooting of this eircuit is
ih order., Since the principles covered in
the first two paragraphs of multivibrator
troubleshocting applies, you may find it to
your advantage to review Module 47 digest.
Refer to figure 481 during the trouble-
shooting discussion.

Symptom: VgQi is very low and no sawtooth
wave is generated.

Possible Causes:

1. Circuit producing input gate is inop-
erative. Without an input gate to cut Q1
off, it would remain saturated by the forward
bias eurrent flowing through R1.

2, C2 open. lnput gate signal would never
reach base of Ql.

3. (Probable} Rl is shorted. Forward
bias would be high enough in amplitude that
input gate would not cause Ql to cutoff.

4, C1 has low resistance, is shorted
(leaky). A leaky capacitor acts like a re-
sistor. And, if such were the case, Cl
and R3 would form a simple resistive

!
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voltage divider. The V
upon the ohmic resistance

would depend
that C1 had.

Symptom: V is zero volts,
y cQl

Possible Causes:
1. Q1 or Cl is shorted. (Self-explanztory)

2. R3 open. An open R3 would drop all
of V_ ., leaving none to be dropped from Q1
colle%For to ground.

Symptom: Output signal is an amplified
version of the input gate, but 180 degrees
out of phase.

Possible Causes: C1 open. Without Cl1 the
circuit would be a simple common emitter
amplifier.

Symptom: V very nearly equals V_ _;
no sawtootE %lave is generated. cc

Possible Causes:

1. Rl open. No forward bias., Ql cutoff,
dropping most of VCC'

2. Q1 open. Cl would charge to V and
remain charged, regardless of the inp&cgate.

Module 49

SOLID STATE
TRAPEZOIDAL GENERATORS

A common solid state trapezoidal
generator, with input and output waveshapes
is shown in figure 49-1. Use this schematic
and the waveshapes while reading the fol-
lowing explanation.

The only difference between this circuit
and that of a sawtooth wave generator is
the addition of R3 in series with C2 between
the collector and ground. Without the input
gate, Ql is biased near saturation and V
is nearly zero volts. At TO, the input Egtle
causes Q1 to cutoff and act like an open.
The ecircuit between ground and V with
Ql open consists of C2, R3, and cﬁz At
the first instant, C2 acts as a short and
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Figure 49-1. Trapezodial Generator

50 volts V

will be dropped across R3
and R2. Thg(f‘mltage drop across R3 is what
causes this circuit to produce a trapezoidal
waveform. The R3 voltage drop is called

jump voltage because V “1jumps’ to
this value (.5 volts in thiscg}rcuit) as soon
as Q! cuts off. The amount of V and
the relative size of R2 and R3 will detéFmine
the amplitude of the jump voltage.

From this point forward, the trapezoidal
wave generator functions exactly like the
sawtooth wave generator you have just
studied,

MODULE 50
SOLID STATE
LIMITERS AND CLAMPERS

Common diode limiters are divided into
two major categories, series and shunt. As
the names imply, the diode of the series
limiter is in series with the load, and the
diode of the shunt limiter is in parallet
with the load. Both types can be used to
limit either the positive or negative portion
of the input signal. A positive limiter removes
all or a portion of the positive half of the
input signal, while anegative limiter removes
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all or a part of the negative half of the in-
put signal. Shunt limiters often have fixed
bias applied to the diode., When the diode is
biased, the bias amplitude will determine the
level of limiting.

Zener diodes are many times wused as
limiters. The Zener diode is connected in
shunt with the load. When the input signal
causes it to be forward biased, the zener
will act like a regular diode. It will con~-
tinue to operate without damage when the in-
put reverses polarity, and if the signal
exceeds the breakdown point, it will limit
the output. The zener diode can be used to
give the same effect as biased shunt diode
limiters without the necessity of using a
battery.

Transistors are also used for limiting
applications. With a small forward bias,
the input signal will cause a transistor
amplifier to go into cutoff. With a relatively
high forward bias, the input signal can
cause the amplifier to go into saturation.
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In either case, a portion of the output sig-
nal would be clipped off (limited).

Increased forward bias would decrease
cutoff limiting and increase saturation
limiting. Decreasing forward bias would
have the opposite effect. If the input signal
amplitude were high enough, the transistor
amplitfier would be alternately driven to
cutoff and saturation. In this case, both
the negative and positive alternations would
be limited in the output, and the circuit
would be called an overdriven limiter.

Unlike limiters, the purpose of a clamper
is not to alter the input signal shape, but
to change the voltage level of either the
upper or lower limits of the output signal.
Clampers gare like limiters since they are
either positive or negative. A positive
clamper clamps the upper extremity of the
output signal. Without bias, the lower and
upper reference level for positive and nega-
tive clamper is zero volts, With bias, the
limits are determined by the bias voltage
polarity and amplitude.
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PRINCIPLES OF OSCILLATIONS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains Specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.

CONTENTS

Title

Overview

List of Resources
Adjunct Guide
Module Self-Check
Answers

OVERVIEW

1. SCOPE: There are three requirements
for producing and maintaining a sine wave
signal at a particular frequency. In this
module, you will become familiar with these
requirements. Also, you will learn torecog-
nize the presence or absence of these three
requirements in a simple block dlagram of
an oscillator.

2, OBJECTIVE: Upon completion of this
module you should be able to satisfy the
following objective:

From a list of statements, select the
statement(s) that describe{s) the require-

ments for sustaining oscillations at a
particular frequency.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose. according to your training,
experience and preferences, any or all of
the following.

Supersedes KEP-GP-42, dated 1 August 1975.

READING MATERIALS:
Digest

Adjunct Guide with Student Text VI

AUDIOVISUALS:

Television Lesson 30-513, Characteristics
of Crystals

Television Lesson 30-536, Introduction to
LC Oscillators

AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.




ADJUNCT GUIPE

INSTRUCTIONS:

Study the referenced materialsas directed.

Return to this guide and answer the
questions.

Confirm your answers against the answers
at the back of this Guidance Package.

Contact your instructor if you experience
any difficulty,

Begin the program.

It is extremely difficult to pinpoint any
particular area of electronics that does not
require generation of a signal of some type.
For instance, the HEART of every radio and
television station transmitter is a type of
signal generator called an oscillator. Since
the use of signal generating circuits is so
universal, it is imperative that you

completely understand the principles in-
volved in creating and controlling electronic
signals. This module is designed to aid you
in understanding these principles.

A. Turn to Student Text, Volume VI, and
read paragraphs 1-1 through 1-67. Return
to this page and answer the following
questions.

sinusoidal oscillator

1. The
produces a

ideal

a. square wave output of constant fre-

quency and amplitude.

—Db. sine wave output of constant frequency
and amplitude.
—c. square wave output of varying
frequency and constant amplitude.

—d. sine wave output of varying frequency
and constant amplitude.

/Y7

2. The basic requirements for sustaining
osclllations at a particular frequency are

a/an

_.a. frequency determining device,
regenerative feedback, and a power supply.

—-b. power supply, amplifier, and{requency
determining device.

—-C. amplifier, degenerative feedback, and
a frequency determining device,

—_d. frequency determining device, ampli.
fier, and regenerative feedback.

3. Three common methods of frequency
determination are through the use of

—-a. class C amplifiers, class B amplifiers,
and class A amplifiers,

—Db. ecrystals, RC networks, and LC tank
circuits.

—f. common emitter amplifiers, common
collector amplifiers, and c¢ommon bhase
amplifiers.

—d. transformer coupling, RC coupling,
and direct coupling,

4. In general, LC tank circuits (are} (are
not) used to produce-an audio signal, because
the physical size of inductors and capacitors
required to produce an audio frequency is
extremely {large) {small).

5. The input signal to a sinusoidal oscillator
is a {regenerative) {degenerative} feedback
from the oscillator’s cutput,

6. The two stabhility requirements of oseil~

lators are and

7. A radio frequency oscillator requiring a
high degree of frequency stability would
most likely be designed with a/an (RC
network) {crystal} (LC tank circuit) as the
frequency determining device.




8. Increasing the load on an oscillator
means that the resistance of the load has
(increased) (decreased).

9, Increasing the load on an osciliator
(improves) (impairs) frequency stability and
{improves) (lwpairs) amplitude stability.

10. 1In general, an LC oscillator can be
operated class

A only.
B only,
C only.
A,B,orC.

11. A square or rectangulary waveform is
produced by a transistor alternating between

and .

12. To produce a good square or rectangular
wave, a transistor switch time must be
(fast) (slow).

13. The first 10 percent of a capacitor’s
charge is used to form a sawtooth waveform
because it is the (least) (most) lnear.

14, The primary difference between a saw-
tooth and a trapezoidal waveshape is

CONFIRM YOUR ANSWERS

YOU MAY STUDY ANOTHER RESOURCE
OR TAXKE THE MODULE SELF-CHECK.

MODULE SELF-CHECK
QUESTIONS:

1. What are the three requirements for
sustaining oscillations at a particular fre-
quency?

—a. Overdriven amplifier, degenerative
feedback, and a frequency determining device.

—b. Frequency determining device, ampli-l
fication, and regenerative feedback.

—=0¢. Power source, and re~-
generative feedback.

amplifier,
=d. Amplifier, regenerative feedback, and an
output coupling device.

2. The frequency of an oscillator that uses
an LC tank circuit as the frequency deter-
mining device can be increased by

—a. increasing capacitance or increasing
inductance.

—Db. increasing capacitonce or decreasing
inductance.

—c¢. decreasing capacitance or decreasing
inductance,

—d. decreasing capacitance or increasing
inductance.

3. Amplitude  stability and frequency
stability of an oscillator are improved when
the

—a. load impedance is increased,

—b. load impedance is decreased.

—¢, frequency is increased.

=d. frequency is decreased.

CONFIRM YOUR ANSWERS




ANSWERS TO A:
b
d
b
are not, large
regenerative
frequency and amplitude
crystal
decreased
impairs, impairs
10, d
11. saturation and cutoff
12. fast
13. most linear
14. the jump voltage

If you missed ANY questions, review the
material before you continue.

ANSWERS TO MODULE SELF-CHECK:

HBHAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE, CONSULT YOUR IN-
STRUCTOR FOR FURTHER GUIDANCE.

)47
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 43

SOLID STATE LC OSCILLATORS

This Guidance Package 1s designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.

CONTENTS

Title

Overview
List of Resources
Adjunct Guide

Laboratory Exercise 43-1

Module Self-Check
Answers

OVERVIEW

1. SCOPE: It is intended iIn this module of
instruction that you gain an understanding of
the principles involved in producing sine
wave signals. You will study several different
methods, each utilizing the same basie
principles of producing sine wave signails.
You should learn that the type of oscillator
used for a particular job is determined by
the requirements, to include power, fre-
quency, and stability. Finally, try to become
proficient in the use of the oscilloscope as

an aid in eireuit checking and troubleshooting.

2. OBJECTIVES: Upon completion of this
module you should be ahle to satisfy the
following objectives.

a. From a schematic diagram of any one
of the following oscillator circuits, select the
components that comprise the feedback loop,
frequercy determining device, forward bias
network., and frequency adjustment: Serles

Hartley; sShunt Hartley; Colpitts; Clapp;
Butler.

b. Given a list of statements, select the
statement(s) which describe(s) the effect of
varying the output load on an LC tank circuit.

c. Glven a list of statements, select the
statement(s) which describe(s) the purpose of
a huffer amplifier.

d. Given a trainer, multimeter, and osecil-
loscope, measure the change in output
amplitude and frequency for a given change
in load at the output of an LC oscillator
cireuit within £10 percent accuracy.

e. Glven a trainer, multimeter, and osecil.
loscope, measure the change in output
amplitude and frequency betweéen amaximum
and minimum load with a buffer amplifier
inserted between LC oscillator output and
the load within 210 percent accuracy.

Supersedes KEP-GP-43, 1 September 1975. Present stock will be used.




LIST OF RESOURCES
To satlsfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of
the following.
READING MATERIALS:

Digest

Adjunct Guide with Student Text VI

AUDIOVISUALS:

Television Lesson 30-566, Oscillators,
TSTR Hartley, Colpitts, and EOC

LABORATORY EXERCISE!

Laboratory Exercise 43-1, Solid State
LC Oscillators

AT THIS POINT, IF YOU FEEL THAT
THROUGH DPREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return to this guide and answer the
questions.

Check your answers against the answers
at the back of this Guidance Package.

Contact your instructor if you experience
difficulty,

Begin the program.

Regardless of your particular Air Force
Specialty Code in Electronics, you will see,
operate, troubleshoot, and repair Air Force
weapon systems containing oscillators. You
learned in the previous module that one of
the most common methods of producing
and controlling a radio frequency sine wave
signal is through the use of 1.C tank circuits,
Just as there is a number of motor vehicles-
all using basically the same type of engine-
manufactured for different jobs, thereis also
a nmumber of different oscillators, using
basically the same type of frequency deter-
mining device and designed for different
applications in electronics.

It is not the purpose of this module to
teach you every detail about every LC
oscillator in existence. However, the
principles of several types are covered,
and by applying the principles learned here,
you will be able to analyze and troubleshoot
all ¢ oscillators, regardless of how they have
been modified.

A, Turn to Student Text, Volume VI, and
study paragraphs 2-1 through 2-17. Returnto
this page and complete the following statement:

1. The three requirements for sustaining
oscillations at a given frequency are:

a.

b.

C.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

B. Turn to Student Text, Volume VI, and
study paragraphs 2-18 through 2-50, Return to
this page and complete the following statements:

(NOTE: Questions I through 15 refer to the
schematic diagram, figure 43-1).




Figure 43-1
1. Fiyure 43-1 is the schematic diagr:;rn

of a/an oscillator.

. — - . e L T 4 H.

comprise the

2. C1 ard

EFEY

frequency-determining device. Cl is also

P R

used to adjust the of t‘he

oscillator.

R et L T L TS N Y

3. R2 provides a path for, and cbntrois

the amount of current.

4. Increasing the resistance of R1 would

cause and

output amplitude to increase,
5 T and C
the feedback signel. T

C——— couple the output signal.

6. The purpose of R3 is to provide (forward
blas) (temperature stability); C3 prevents
{thermal runaway) (degeneration).

7. The regenerative feedback loop causes
degrees phase shift.
It 1s the combined effect of

degrees across Ql and .~ ___ _ degrees
across Tl.

Complete the ollowing equations:

a. VCC = ER

-

2 +EBE +ER_[ }
b, Vcc'zvc( ) + ER( }"EL{ )

c. VCE‘: =Erq +Ec{ ) - ER( )

9. Shorting C4 would cause VC to (decrease

to near zero) (increase to near V

CC)’ and

the circuit (would) (would not} oscillate.

10. gyrnptom%s_: Ve ris nearly equal te Ve
ERs is near zero; ERr2 is nearly eygual to
Veo. A possible trouble is:

R! open

1. An open C2 (would) (would not) cause

a significant change in Vo. A shorted C2

would cause V- to be nearly equal to (zero)
Vee)-

12. An open C2 would cause the circuit to
stop oscillating because the (feedback)
(forward blas) path would be broken; a
shorted C2 would cause the circutt to stop
oscillating because the (feedback) (forward
bias) would be eliminated.

13. Symptom: Vo is equal to Vpg. A
possible trouble is:

a. Ql open.

b. C4 shorted.
— C. T1 open.

C3 shorted.

A ———— d.

i63




14, An open C4 (would) (would not) cause a
significant change in V. The circuit (would)
{(would not) oscillate and an output signal
(could) (could not} be detected across Ld4.
15. An open Ll (would) (would not} cause
Vo to equal zero. It {would) (would not)
break the feedback path, and the circuit
{would)} (would not) oscillate.

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.

C. Turn to Student Text, Volume VI, and
study paragraphs 2-51 through 2-56. Return
to this page and respond to the {ollowing
statements/ questions:

(NOTE: Question 1 through 5 refer to {igure
43-2 schematic diagram.}

@m _ :ou:’ur LOAO
i 7] -

Mes

Figure 43-2
1. The identifving feature of the

oscillator is the

tapped coil.
2, A path for direct current {low through
the LC tank circuit denotes that the circuit

is (series) (shunt) fed.

3. The purpose of C2 is to:
a. prevent degeneration,
b. shunt RFaround the power supply.
¢, couple regenerative feedback.
d. control oscillator frequency.

4. Moving the center tap of the primary of
Tl toward point B would cause feedback

amplitude to (increase) (decrease), output
amplitude to {increase) (decrease), and (an

increase) (a decrease) (no change) in output
{requency.

5. The
degeneration) (shunt RF around the power
Supply).

CONFIRM YOUR ANSWERS AT THE
BACK OF THIS GUIDANCE PACKAGE.

purpose of Cd4 {s to (prevent

D. Turn to Student Text, Volume V1, and
study paragraphs 2-57 through 2-59. Return
to this page and respond to the follewing
statements/questions:  ™cc

INPUT
{FROM
OSCILLATOR) OUTPUT
{TO LOAD)

ng‘ure 43-3

1. The correct name of the circuit of figure
43-3 is a
Its purpose is to (provide a large voltage)
{isolate the oscillator from load changes).

2. The common (base) (collector) (emitter}
configuragion of the figure 43-3 circuit

provides a (high) (low) input impedance, and
the output load resistor can be selected to

match the (input} (output) impedance of a
circuit which follows it.

amplifier.




CONFIRM YOUR ANSWERS AT THE
BACK OF THIS GUIDANCE PACKAGE,

a. R4, and R3,

b. R4, C2, and R1,

E. Turn to Laboratory Exercise 43-1. This
lab project will reinforce and prove most of
the principles you have learned about LC
oscillators, You will be able to observe the
effect that a change in tank circuit capaci~
tance has on oscillator frequency, the phase
relationships that exist in the circuit, and the
effect that a change in load has on frequency
and amplitude stability.

In addition, you will gain valuable experience
in using the oscilloscope to measure fre-
quency and amplitude,

Return and continue with this program when
the Laboratory Exercise has been completed,

F. Turn to Student Text, Volume VI, and
study paragraphs 2-60 through 2-66, Return
to this page and respond to the following
statements/questions:

(NOTE: For questions 1 through 4 refer to
the figure 43-4 schematic diagram.)

Figure 43-4

1. The tapped inductance and use of C3
to pass RF and block DC, identifies this

circutt as a {series) (shunt) (Hartley)
{Colpitts) oscillator.

2. The regenerative feedback path for this
oscillator circuit includes @1,

c. C3, Tl, ground, and R1,

—— d. €3, autotransformer (L1 & L2)
and C5,

3. Complete the following equations:

s =ig*Iq()

Re=Tr() 1B

R2=Ip*1z()

Ip=1r3~ Ip()

Amplitude of the output signal is con-
trolled by adjusting (Cl) (T1 Tap position),
and output frequency is controlled by adjusting

(C4) (T1 tap position).

CONIFEM YOUR ANSWERS AT THE
BACK OF THIS GUIDANCE PACKAGE

G. Turn to Student Text;, Volume VI, and
study paragraphs 2-67 through 2-78. Return
to this page and respond to the following
statements/questions:

{NOTE: For questions/statements 1 through
5, refer to figure 43-5 schematic diagram).




1. Obtaining regenerative feedback acrossa
capacitive voltage divider identlfies this

clrecuit as a oscillator,

2. R and R —forma
voltage divider for developing forward bias.

3. In addition to developing the feedback

signal, Rl also provides
stabilization.

4, The collector lpad resistoris R

5. One reason that the frequency stability
of the Colpitts oscillator is very good is that
C3 and C4 greatly reduce the effects of

a change in .

(NOTE: For questions/statements 6 through
10, refer tothe figure 43~-§ schematic diagram).

G
o e
Re \—I RE{SW
b iy, ]
F41 =
b -,
i, - cc
Te 2w cs
A 1
Figure 43-8

8, 1n this circuit, R3 provides a path for,

and limits the amount of

/5

7. The principal difference between the
flgure 43-5 and figure 43-6 schematic dia-

grams is the addition of

8, Symptoms: No output signal; Ve isnormal,
A posgsible trouble is:

a, (4 shoried.

b. Cl open.

c¢. (5 shorted.

—— . d, C2 open.

9, Symptoms: No output signal; V¢ is lower
than normal; DC voltage on the emitter is
zero, A possible trouble is:

—  a, C4 shorted.

— b, C1l open.

——— ¢, C5 shorted.
d. C2 open.

10. Symptom: V¢ equals Ovolts. A possible
trouble is:
C1l shorted,

— A,

b, R3 open.

C4 shorted,

— O,

d., R4 open.

CONFIRM YOUR ANSWERS AT THE

BACK OF THIS GUIDANCE PACKAGE.




H. Turn to Student Text, Volume VI, and
study paragraphs 2-79 through 2-82. Return
to this page and respond to the“following
statements/questions:

(NOTE: For questions 1 through 7, refer
to the schematic diagram of figure 43-17).

3

Figure 43-7

1. The regenerative feedback loop for this
circuit is composed of;

a. Rl, Y1, and R2.
b. Ql, Y1, Q2, and Cl.

—_c Ql, ¥1, Q2, and the LC tank
clreuit.

d. Y1,Q2, R4, and RI.
2, Figure 43-7 is the schamatic diagram of

a . crystal osclllator,

3. The frequencydeterminlng devlce for this

oscillator circuit is

4, Quartz crystal Y1 1ln this circuit is

operated in its (series} (parallel) resonant
mode and offers (minimum) (maxirmum) imped-
ance to its resonant freguency.

5. The load component for Ql is (R3)
(¥1) (R1), and the load component(s) for Q2

are (R2) (RS) (C2 and Ll1).

6. The purpose of Cl is to couple the
{output) (feedback) signal.

7. R2 is required to develop the (input)
(cutput) signal for Q2.

CONFIRM YOUR ANSWERS AT THE
BACK OF THIS GUIDANCE PACKAGE.

LABORATORY EXERCISE 43-1

OBJECTIVES:

1. Given a trainer, multimeter, and oscil-
loscope, measure the change in output
amplitude and frequency for a given change
in load at the output of an LC oscillator
circuit within x10 percent accuracy.

2. Glven a trainer, multimeter, and oscil-
loscope, measure the change in output
amplitude and frequency between a maximum
and minimum load with a buffer amplifier
inserted between LC osecillator output and
the load within +10 percent accuracy.

EQUIPMENT:

1. Hartley Oscillator and Buffer Amplifier
Trainer, DD6097

2. Oscilloscope

3. Multimeter

4. Transistor Circuit Power Supply, DD
4649

REFERENCE:

Student Text, Volume VI, paragraphs 2-52
through 2-59

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND
RINGS.

PROCEDURES:

1. Equipment preparation

a. Oscilloscope
controls

VOLTS/CM

167




SEPARATE -
CH1 & CH2
CHOP-ALT
TIME/CM
AC-GND-DC
CH1 & CH2
TRIG SELECT
& LEVEL
AC-ACF-DC
PULL X10 MAG
POWER OFF
CH1 & CH2
VERT POS
INTENSITY
AND FOCUS

b, Trainer

SEPARATE

ALT
.5 Microseconds
AC

EXT +
AUTO
ACF
NORMAL (Push in)
ON
ON

Clear
Presentation

(1) C-103 to MAX CAP

(2) 5-101 to Open Position
(3) R-109 fully counterclockwise

¢. Power Supply

(1) Power on
(2) Adjust output to 6 volts (use built-in
meter)

d. Interconnections

(1) Ground oscilloscope to trainer
(2) Connect power supply to trainer
(3) EXT TRIG input to TP-108

(4) CH1 to TP-103

(5) CH2 to TP-104

2. Trainer Analysis

This trainer incorporates a Series Hartley
Oscillator, puffer amplifier, and a loading
device (B-109). 1t is a simple practical
method for you to use in learning the basic
facts of a typical LC oscillator, including
the effect that load changes have on ampli-
tude and frequency stability.

3. Activity

a. Set the multimeter on DCV 20k ohms/V
and 10 volt range. Connect the multimeter

between TP-107 and ground. Readjust the

transistorized power supply as necessary to
obtain a reading of 6 voilts.

b. Measure and record the amplitude of the

signal on the collector and base of Q101.
Collector (TP~104) Pk- Dk

Base (TP-103) Pk-Pk

c. Measure and record the time for one
cycle of the collector signal, and calculate
the frequency (f = 1/t).
Time for 1 cvele microseconds

Frequency kHz

d. TFill in the blanks and underline the
correct response to the following statements,

(1) Oscillator frequency is determined

by C- , C- , and

L- .

(2) The collector signal and the base

signal are (in) (180° out of) phase, and the
feedback is (regenerative)(degenerative).
e, Adjust C-103 to the MIN CAP position.

f. Measure and record the time for 1
cycle and calculate the frequency,

Time for 1 cycle microseconds

Frequency kHz

£. Underline the correct response in the
following statement.

Decreasing the tank capacitance causedthe
time required for 1 cycle to (increase)
(decrease) and the frequency to (increase)

(decrease).




NOTE: Before continulng the exercise
investigate the operation of the loading device.
WwWith R-109 adjusted fully counterclockwise
the wiper arm is at the bottom of the
resistor (ground) and the load has maximum
resistance. As R-109 is adjusted clockwise
the wiper arm moves up and the load
resistance decreases.

h. Move 5=101 to the left.

i, While observing the collector signal,
rotate R-109 fully clockwise.

j. Rotate R-109 counterclockwise until
the signal on the collector reappears.

k., Measure and record the amplitwle of
the collector signal.

Collector Pk-Pk

I, Measure and record the time for 1
cycle, and calculate the frequency.
Time for 1 cycle microseconds

Frequency kHz

m. Underline the correct response to the
following statements.

(1) As the load resistance decreased

the oscillator load (increased)(decreased).

(2} (Increasing) (Decreasing) the load

on an LC oscillator causes (a decrease)
(an increase) (no change) in signal ampli-

tude.

n. Turn R-109 fully clockwise. What effect
does this have on the output signal?

o. Turn R-109 fully counterclockwise and
move S~-101 to the right.

p. While observing the collector signal,
rotate R=109 fully clockwise.

q. Measure and record the amplitude of the
collector signal.

Collector Pk~ Pk

r., Measure and record the time for 1
cycle, and calculate the frequency.
Time for 1 cycle microseconds

Frequency kHz

s. Underline the correct response to the
following statements.

(1) The buffer amplifier causes the
loading effect on the oscillator to be (more)
(less).

(2) When a buffer amplifier is used
as the stage following a typical LC oscil-
lator the freugency stability is (improved)
(impalred), and the amplitude stability is
(improved) (impalred).

CONFIRM YOUR ANSWERS AT THE BACK
OF THIS GUIDANCE PACKAGE.




MODULE SELF-CHECK

QUESTIONS:

For questions 1 through 5 match the sche~
matic diagrams (figures 43-8 through 43-12)
to the oscillator names,

Series Hartley

Shunt Hartley

Colpitts

Clapp Figure 43-10

Butler Type Crystal

Y

AAN
VY

[ -
> [ R3
- +
.Rz
X

v

REP4~-1421

Figure 43-12




1.4

R4 TC‘
.
tch

Figure 43-13

(Refer to figure 43-13 for questions 6 through
10.}

6. To increase the output frequency, you

should decrease the valus of

7. The component uséd to couple afeedback

signal from the output back to the input is

g, Symptoms: No output signal and V¢
has increased. A possible trouble is

a. C2 shorted.
—— b. C2open.

c. Rl shorted.

d. Rl open.

8, Symptoms: No output signal; Ve = Zero.
A possible trouble is

a. R4 open.

b. C3 shorted.
—— ¢. C2 shorted,

d. R3 open.

10. Anopen R2 would cause

a. V¢ to decrease.

b. I¢ toincrease.

forward bias to increaseto Vec.

forward bias to decrease to 0 volts.

L}
rR3 :&'3 gRS

I

a1 A OUTPUT
S j)az
A

REP4-.424

Figure 43-14

(For questions 11 through 13, refer to figure
43-14).

11, The component(s) that determine the

frequency of this oscillator (is) (are) (Y1)

(C2 and Li).

12. The primary purpose of R3 is to

a. provide a feedback path from
Q2 to Q1.

b. establish and limit the forward
blas for Q1.

¢, act as aloadresistorforQl.

d. provide temperature stability.

13. The correct method of increasing the
frequency of this oscillator is to

a, decrease the value of C2,

b. decrease the value of 11,

replace Y1 with athinrer erystal.

replace YI withathicker crystal.
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Figure 43-15

14. Refer tofigure 43-15 The three purposes
of autotransformer T1 are to act as a part
of the FDD,

—  — a. determine feedback amplitude,
and couple the output signal.

b. couple the feedback signal, and
determine amount of forward bias.

- €. determine amount of forward
bias, and determine feedback amplitude.

-———— d. couple the {eeﬁback signal, and
decouple RF from the power source.
15. Compared to an LC tank circuit, a
crystal, used as the FDD of an oscillator
circuit, will have a (higher) (lower) Q, and
the frequency stability of the oscillator will
be {improved) (impaired).
18. Refer to figure 43-18. Symptoms: No
output and Vg is 0 volts. a possible trouble

R1 open.

R4 open.

C4 shorted.

C2 shorted.

17. Refer to figure 43-16. The correct
method of decreasing the frequency of this
oscillator is to

4. increase the capacitance of C5.
b. decrease the capacitance of C5,

c. increase the capaci{ance of C3
and C4.

d. decrease the capacitance of C3
and C4.

18, Refer to figure 43-15. The components
included in the feedback loop of this oscil~
lator are Q1,
a, R4, and R3.
b. R4, C2, and R1.
c. C3, L1, and R1.
d. €3, FDD, and C5.
19. Refer to figure 43-18. Symptoms: V¢
very high with no output. A possible trouble
is
Q1 shorted.
Q1 open.
C4 shorted.
d. R2 open.

CONFIRM YOUR ANSWERS AT THE
BACK OF THIS GUIDANCE PACKAGE.




ANSWERS TO A - ADJUNCT GUIDE ANSWERS TO D - ADJUNCT GUIDE

1. a. Amplification 1. buffer; isolate the oscillator f{rom
b. Frequency-determining device load changes.
c. Regenerative feedback 2. collector, high, input

If you missed ANY questions, review If you missed ANY questions, review the
the referenced material before you referenced material before y0u continue.
continue.

ANSWERS TO.B - ADJUNCT GUIDE

ANSWERS TO F - ADJUNCT GUIDE
Armstrong
1.2, frequency 1. shunt, Hartley

Forward bias 2. d. C3, autotransformer (L1 & L2)
feedback amplitude and C5

Tl and C2; T2 and C4 .oa. =I_ +

temperature stability: degeneration ]'R3 B ]Rl'

360, 180, 180 b, Ipg=lp,-Ig

a. VCC = ER2 + EBE + ER3' . o
© lge = lg tipy
d, I_=

o =1 W a2 by =

b. Voo =Veg + Era +ELt- .
3

¢. Vcg =Eq3+Ecy - Egs- 4, T 'raBp Position, s

Y. decrease 1o uear zero, would not If you missed ANY questions, review the
10, c. R2 open. referenced material before you continue.
11. would not; Vege.

12, feedback, forward bias

13. a. Q1 open.

14, would not; would; could not
15. would not; would, would not

It you missed ANY questions, reviewthe ANSWERE TO G - ADJUNCT GUIDE
referenced material before you continue.

Colpitts

R2, R3

Emitter

R4

E-B capacitance
Forward bias
C5

d

a

d

ANSWERS TO C - ADJJNCT GUIDE

Hartley

series .

c. couple regenerative feedback
decrease, decrease, no change
shunt RF around the power supply

_,
CRPIFTERNC

I you missed ANY questions, review the
If you missed ANY questions, review the _referenced material before you continue.

referenced material before you continue.
}




ANSWERS TO H - ADJUNCT GUIDE

b. Ql, Y1, Q2, and Cl.
Butler

Y1

series, minimum

R1,

C2, and L1

feedback
input

If you missed ANY questions, reviewthe

referenced material before you continue.

If you missed ANY of the questions, or
if there is more than 10% difference between
Your measurements and calculation and those
listed above, go back and repeat that portion
of the lab exercise. Consult the referenced

material or the instructor for assistance,
if required.

ANSWERS TO LAB EXERCISE 43-1

3. Activity

b’

Collector 3V to 5V Pk-Pk

Base 1.4V to 2.8 Pk-Pk

Time for 1 cycle 2.5 to 3.2
microseconds

Frequency 400 to 312 kHz

(1) C-102, C-~103, L-101

(2) 180° out of, regenmerative
Time for 1 cycle 2.5 to 3
microseconds

Frequency 400 to 333 kHz
Decrease, increase

Collector .8V to 2V Pk-Pk
Time for 1 cycle 2.95 to 3.3
microseconds

Frequency 363 to 303

(1) increased

(2) Increasing, a decrease

The oscillator load increased
to the point where the ecircuit
could no longer generate an AC
signal,

Collector 3V to 5V Pk-Pk

Time for 1 cycle 2.6 to 2.8 ':

microseconds

Frequency 384 to 357 kHz
{1} less

{2) improved, improved

CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.

ANSWERS TO MODULE SELF-CHECK

Figure43- ¢
Figure 43-11
Figure 43-13
Figure 43-10
Figure 43-12

Series Hartley

Shunt Hartley

Colpitts

Clapp

Butler Type Crystal

C3

Cc2

c. Rl shorted.

a. R4 open.

d. forward bias to decrease to O
volts.

- .

-

-

QW g ;D L pa e
o M . .

Y1

b, establish and limit the forward
bias for Ql.
replace Y1 with a thinner
crystal,

a, determine feedback amplitude,
and couple the output signal.

higher, improved..

¢, 4 shorted.

a. increase the capacitance of C5.

d, C3, FDD, and C5.
Gl open.

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT, REVIEW
“THE MATERIAL OR STUDY ANOTHER
RESOURCE UNTIL YOU CAN ANSWER

ALL QUESTIONS CCRRECTLY, CON-
SULT YOUR INSTRUCTOR FOR FURTHER
INSTRUCTIONS.
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Basic and Applied Electronic Department ATC GP 3AQR3X020-X
Keesler Air Force Base, Mississippi KEP-GP-44

1 September 1974

ELECTRONIC PRINCIPLES
MODULE 44

This Guidance Package is designed to guide you through this module of the Electronics Prin=
ciples Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satsify the learning objectives.

CONTENTS
TITLE
Overview
List of Resources
Digest
Adjunct Guide
Laboratory Exercise

Module Self-Check

Critique

Supersedes KEP-GP-44, 1 June 1974, which may be used.
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OVERVIEW
SOLID STATE RC OSCILLATORS

1, SCOPE: Continuing your study of sine wave oascillators, in this module you will learn the
principles involved in producing sine wave signals at low frequencies. Though two specific
RC oscillators are discussed in the module, you should concein yourself more with the
principles involved, rather than attempting to memorize the specifics of these two oacillators.
In this way, you should be ablé to apply the principles learned to a specific circult, regardless
of how it has been modified to fit a particular need. Then, too, you will continue to build your
ability to use the oscilloscope and multimeter as an aid in eireuit checking and troubleshooting.

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following
objectives:

a, From a schematic diagram of any one of the followingroscillators, select the com-
ponent(s) that comprise the feedback loop(s), frequency~determining device, forward bias
network, output load, amplituds adjustment, and the frequency adjustment:

(1) Phase Shift.
(2) Wien Bridge.

b. Given a trainer, multimeter, and oscilloscope, measure the output amplitude and
frequency of an RC ogetllator circult within + 10 percent accuracy.

AT THIS POINT,; YOU MAY TAKE THE MODULE SELF-CHECK .

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK , TURN TO THE NEXT PAGE
AND PREVIEW THE LIST OF R&SOURCES. DO NOT HESITATE TO CONSULT YOUR
INSTRUCTOR IF YOU HAVE ANY QUESTIONS.
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LIST OF RESOURCES
SOLID STATE RC OSCILLATORS

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preferences, any or all of the following:

READING MATERIALS:

Digest

Adjunct Guide with Student Text
LABORATORY EXERCISE:

Laboratory Exercise 44-1
AUDIOVISUAL MATERIALS;

TV Lesson 30-517, wein Bridge Osecillator, {11 minutes)

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

. 178
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SOLID STATE RC OSCILLATORS

During this discussion of RC oscillators, two types will be used, Figurel iscalled a Phase
Shift oscillator; Figure 2 {8 a Wien Bridge oscillator.

Figure 2 -

Both of these circuits have distinctive identifying features. The Figure 1 Phase Shift oscil-
lator has three capacitors in series between the collector and base. The Wien Bridge oscil-
lator uses two transistors. The load output and feedback output are taken from two different
poiats, and it has both regenerative and degenerative feedback.

The forward bias arrangement for both of these oscillator circuits is identical to many other
oscillator and amplifier circuits you have previcusly studied, and no detajled explanation
will be offered here.

The frequency-determining devices for these oscillators, however, are not similar to those
previously studied. First, the Phase Shift oscillator. You should recall from your study of RC
time constants that a definite phase difference exists in the voltage developed across resistors
and capacitors connected together in a efreuit. You should also recall that the amount of phase
difference across the capacitor and resistcr will dependupon the value of resistance and capacit-
ance and the frequency.

Take a look at the Figure 1 schematic diagram. Note that three RC networks (C1/R1; C2/R2;
C3/R3) are in the feedback path between collector and base. A common emitter configuration
amplifier circuit is used; therefore, any signal appearing at the basz will be shifted 180
degrees at the collector. And, to have regenerative feedback, the signal must be shiited another
180 degrees between the collector and base, Since the phiase shift across any one RC neiwork is

179
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always less than 00 degrees, it 18 apparent that at least three RC networks must be used to -
obtain a phase shift of 180 degrees. And since frequency is one of the determinants of the amount

of phase shift that will occur across any RC combination, it should also be apparent that any
particular combination of three RC networks will produce a shift of 180 degrees at only one
frequency. Therefuore, only one frequency will be shifted in phase the right amount between
collector and base to be a regenerative feedback., Ttis will be the frequency at which the oscil-

lator will operate. But, what 1f 2 need exists to change the frequency?

The wvalue of capacitance and resistance in the RC networks also determines the amount of
phase shift., And, if the capacitance of any capacitor in the phase shift network, or the resist-
ance of any resistor, is changed, the frequency that will produce a 180 degree phase shift will
also change. So, changing the value of either of these components will change the frequency
that will be regenerative, and will change the ~perating frequency of the oscillator. Ci, C2,
C3, Rl, and R2 are shown as being variable in the Figure 1 circuit, and varying either or all
of them would cause a change in frequency. Remember that R3 is also a part of the frequency-
determining device, but it 1s not shown as variable. You should see that R3 is also a part of
the forward bias voltage divider network, and it should not be varied because a change in its
registance would also change the forward blas and amplification factor of the transistor. In
fact, it is doubtful that you will ever see a Phase Shift oscillator in use that will have all of the
components variable, as shown in Figure 1. It is done here so that you will realize that it is
possible to change frequency by changing either of the comiponent values in the feedback loop.
Now that you see how the frequency can be changed, what about the amplitude ?

In your study of amplifiers, you learned that changing the value of the collector load resistor
would change the amplifier's amplification factor, and, therefore, the amplitude of the output. J
Note that RS, the collector load resistor, is variable. By changing the value of this resistor, —
the amplification factor of Q1 is changed. In addition, the amount of feedback will be changed,
thereby changing the cutput amplitude. Now, to the Wien Bridge Oscillator.

Reflect for 2 moment onyour previous study of feedback in amplifiers. Now, look at the Figure
2 schematic diagram. Starting with the collector for Qt, trace a signal path through C3 to the
pase 2f Q2. From the collector of @2, trace tha signal through C4. After C4, note that the signal
has two paths t5 follow; one is through R3 to the emitter ofQl; the other is through R and C1
to the base of QL. Now, for explanation, let’s congider that when power was first applied to the
circuit, the noise developed on the base of Q! was going in a positive direction.

The positive-going voltage on the base of Qi will be negative~going on the collector of Q1
and the base of Q2. Q2 wil) cause another 180 degree phace shift and the signal will be applied
through C4, R1, and Cl, back tothebase of QI in a positive-zoing direction, and 1s regenerative
feedback. Note that this regenerative feedbacik 1s developed across the combination of R2 and
C2 in parallel. Note also that this signal is applied through R! and Cl in series. Recalling
your previous study of RC circuits,it should be apparent that maximum voltage will be developed
on the base of Q! atonly one frequency. The ampiitude will decrease when the frequency is raised
because of the decreased X of C2. Amplitude will decrease at lower {requencies because of
the increased X of C2. Amplitude will decrease at lower frequencies because of the increased
X of Ci. Curve ‘B’ on Chart | represents the regenerative feedback. This illustrates, then,
that the regenerative feedback loop is fresquency selective. Therefore, Ri, Cl, R2, and C2
comprise the frequency~determining device. Now, for the degererative icedback,

Look back at the Figure 2 schematic diagram, and locate the junction between Rl and C4.
Recall f:om the previous paragraph that the signal! along this line was re~applied to the base of -
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. Q1 in a positive-going direction. Now, follow from this junction through R3 and note that the
(T signal 18 developed acroas R4 and applied to the emitter of Ql. Note also that no reactive com-
: ponents are used in developing this voltage applied to the emitter; therefore, the amplitude of
the signal developed will be the same regardless of the frequency. Line ‘A’ on the chart

below represents the degenerative feedback, But, why use both regenerative and degenerative

feedback when we know that an oscillator requires regenerative feedback in order to oscillate?

SRR S N o

Mo cCcelHpPpYER >

T l T,
-Frequencys kHz g 12 16

Chart 1

Look at Chart 1, For a moment, disregard line ‘‘A,” representing degenerative feedback.
Let each small division along the frequency line represent 2 kHz, Note that the center fre-
quency is 12 kliz, Now, without the degenerative feedback, the half power points for curve '‘B”
would be around 7 kHz and 17 ¥Hz, and the oscillator could possibly oscillate at any frequency
between thiese two points. Is this good frequency stability ? NO,

Now, take another look at Chart 1 with line A’ jn place. Curve ‘‘B’’ really does not exist
below points ‘‘C’’ and “D” because it is cancelled out by the degenerative feedback, line “A.”
And, considering points ‘‘C"”’ and ‘‘D" as the zero volts amplitude for regenerative feedback,
the half power points of curve ‘‘B’’ have been moved to approximately 11 kHz and 13 xHz,
It should he apparent that the frequency stability has been greatly improved. This, then, 1s the
purpcse of using both regenerative and degenerative feedback -~ to improve frequency stability,
How can the output amplitude and frequency be changed?

Variable resistor R3 controls the amount Of degenerative feedback applied to the emitter of
Q1. With this in mind, again consider Chart 1, If the degenerative feedback were adjusted so
that its amplitude was greater than the peak of the regenerative feedback, point “E,’’ all of the
regenerative feedback would be cancelled out and the circuit would not oscillate. On the other
hand, decreasing the amplitude of degenerative feedback below the points ‘C”’ and ‘D" level
would, in effect, increase the amount of regenerative feedback, causing a corresponding increase

in cutput amplitude.
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Frequency canbe changed by changing the value of any component in the frequency~determining
device. In this case, it would be Rl, R2, Cl, or C2, The usual method, however, is to either
gang-tune Cl and C2, organgtune Rl and R2. Now, for some principles that are common to both
the Phase Shift and Wien Bridge oscillators,

In order to produce a sine wave output, both the Phase Shift and Wien Bridge oscillators must
be operated Class A. The reason for this is that neither circuit contains an LC tank circuit
that will “‘ring’’ and produce a sine wave when only a small portion of a sine wave is applied
to it.

For troubleshooting, refer to paragraph 2-91, Volume VI of the Student Text. Laboratory
Exercise 44-1 will also illustrate the effects of certain malfunctions, and it will demonstrate
the proper metheds to use in measuring output amplitude and frequency.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.
6
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SOLID STATE RC QOSCILLATORS
INSTRUCTIONS:
Study the referenced materials as directed,
Return t0 thia guide and answer the questions.
Check your answers against the answers at the top of the page following the questions.
If you experience any difficulty, contact your instructor.

Begin the program.

You have previously learned that an oscillator is an amplifier that has a portion of its output
returned to its input in phase. You also learned that a method of frequency control -- Keeping
the frequency vonstant -- 1s necessary in a practical e¢ircuit. The LC tank cfrcult and quartz
crystal are very practcal methods for establishing and maintaining a particular frequency
when the frequency 1is high. However, they are impractical in the audio range. The physical
31ze of capacitors and inductors that would be required rules them out. And a quartz crystal,
in order to oscillate at an audio frequency, would be relatively thick physically, and would
require too much externs2l power t0 extablish and maintain oscillations. These problems are
solved by using resistor/capacitor (RC) networks as the frequency-determining device for
audio oscillators.

A, Turn to Student Text, 7oiume VI, and study paragraphs 2-84 through 2-91. return to this
page and answer the following statements/questions.

For questions 1 through 10, refer to the Figure 3 schematic dlagram.

HA

[ [+ 1

Figure 3
i, In the feedback loop for this circult, starting with the base of @1, the signal iz shifted

degrees; 180 degrees across @l and.—  _____ degrees across the RC

networks.

2. CIl and Rl cause a phase shift of 54 degrees. In order to have regenerative feedback,

it 1s neceseary for the two remaining RC networks to shift the signal . —— . degrees.

7
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ADJUNCT GUIDE

3. Complete the following equations:
a. IR4 =IRS + IR = IR .,
bo VCC=VC+ER-———-0

c. IRS=IR;. +IR —.

4, The component that helps to determine both the frequency and forward biag of the Figure 3

. o8cillater circuit 18

5. Increasing the value of R6 would cause feedback amplitude to (increase) (decrease), and

output amplitude to (increase) {decroase).

8. Symptoms: V¢ ig high, and there is no output. A possible trouble is:
a, C3 open,
b. (3 shorted,
————c¢. €4 shorted.
o— d C4open

Symptoms: Circuit i8 not oscillating; forward bias and V, are normal. A possible trouble

Cl cpen.
C3 shorted,
— — ¢ C4open.
d. C4 shorted,
Symptoms: VC 18 zero volts and circuit {8 not oscillating, A possible trouble is:
a. R4 open.
b. K3 open.
c. RS open,

d. R6 opeu.

The feedback loop 18 comprised of Ql,




(7

19, Symptoms: VC very nearly equals V cc cireuit 18 not oscillating. A possible trouble is:

a. €3 shorted.

———Db. C4 shorted,
— ¢ A3 cpen.

d. RS open.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

B. Turn to Student Text, Volume VI, and study paragraphs 2-9¢3 through 2-103. Retura to this
page and respond to the following statements/questions.

For questions 1 through 8, refer to the Figure 4 gchematic diagram.

g e
= 4

j‘l Ing  dme vV Zqp 3me

e ¢
, Aa | Q%

"
)
o
N

Figure 4
1. The Flgure 4 circuit is correctly identified as a:
2. Butler oscillator.

b. Phase Shift osecillator.

¢, Wien Bridge oscillator.

d, Colpitts oscillator,

9. Degenerative feedback is applied from Q2 back to the (base) (emittar) of Q1; degenerative

feedback amplitude is controlled by , and the degenerative feedback

signul 18 deveioped across (R2 & C2) {R4).
3. The regenerative feedback amplitude in this circuit (is) (is not) affected by frequency, and

degenerative feedback {is) (is not) affected by frequency.




ADJUNCT GUIDE

ANSWERS TG A:
1. 360 degrees; 180 degrees
2, 128

3. a. IR4 = IRG +* IR'S- - le.l

b. b Voo=V,+ERS

¢. 1RS =IRg. +IR3.

R3
increase, increass
b

7.
8. d

g C1, C2, and C3
10, d

If you missed ANY questions, review the material before you continue,

4, The components that comprise the complete frequency determining device for this circuit
are:

Rl and Cl1.
R3 and Cd.
R2 and C2.

Rl, R2, Cl, and C2.




ADJUNCT GUIDE
§. Thue oscillator shown in Figure 4 must operate class

in order to produce
L a sine wave output.
v
[ ]
[
T
- 1
’ /\
A } A
- T
| 4 ]
v |
T !
{ | I
]
rREQUENCY
Flgure 5
6. Given the diagram in Figure 5, line ““A”’ represents (regenerative) (degenerative) feedback
and curve ‘‘B' represents (regenerative) (degenerative) feedback.
7. Increasing the resistance of R3 would cause (an increase) (a decrease) (no change) in
the amplitude of line ‘A" and (an increase) (a decrease) (no change) in the peak ampiitude
k—’
: of curve ““B,”
8. From the following equations, select the one that correctly represents forward bias
current ... Q2.
a. IBE = IR7 + IR8.
———— bl IBE = Im - IR&-
d. IBE = IRD + IRS.
CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
C. Turn to Laboratory Exercise 44-1. This laboratory exercise will reinforce and prove most
of the principles of RC cacillators. Then, too, it will illustrate to you the particular symptoms
that selected faulty components will cause. And, you will gain valuabie expertence in the use of
multimeters and oscilloscopes as an aid to circult checking and troubleshooting.

11
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ANSWERS TO B:
¢
emitter, R3, R4.
is, 18 not
d

A

degenerative, regenerative
& decrease, no change
b

If you missed ANY questions, review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF~CHECK.
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LABORATORY EXERCISE
44-1
SOLID STATE RC OSCILLATORS

OBJECTIVE: Given a trainer, multimeter, and oscilloscope, measure the output amplitude
and frequency of an RC oscillator circuit within + 10 percent accuracy.

NOTE: Upcn completion of the Progress Check, have your instructor initial this objective
on your check list.

EQUIPMENT: 1, Phage Shift Oscillator Trainer (5016)

2. Oscilloscope (LA-261)

8. Multiméter (AN/PSM-6)

4, Transistor Power Supply (4649)
REFERENCE: Student Text, Volume 6, paragraphs 2-84 thru 2-91.

CAUTION: OBSERVE BOTH PERSONNEL AND EQUIPMENT SAFETY RULES AT ALL
TIMES. REMOVE WATCHES AND RINGS.

PROCEDURES: 1. Equipment Preparation
a. UOscilloscope Controls
(1) POWER ON
(2) VOLTS/DIV ““A" 5 (Calibrated)
“B" 1 (Calibrated)
(3) MODE Alternate
(4) POLARITY- Normal, AC

(5) TIME/DIV .2 millisee

{6) TRIGGER SELECTOR AUTOQ, Ext, +

(7) HORIZONTAL Adjust for NORMAL
POSITION sweep

(8) FOCUS and Adjust for CLEAR
INTENSITY . presentation

NOTE; Oscillosccpe controls can nu changed to facilitate work, or to provide more accurate
readings.

h. Trainer: Turn R-105 to the fully clockwise position.

13
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LABORATORY EXERCISE

2.

¢. Interconnections:
(1) Connect Power Supply to Trainer. (Use Jones Piug Cable.)
(2) Ground Oscilloscope to Trainer.
(3) Connect Trigger Input toc TP-106.
(4) Connect ‘‘A’’ Channel probe 4o TP-105.
d. Power Supply
(1) ON/OFF Switch - ON

(2) Adjust for 22 volts. (Use bullt-in meter.)

Trainer Analysis

In order to produce an audic frequency using 1L.C components, the value
of inductance at this low frequency would have to be large. As a result
the inductive component would have to be physically large. This dis-
advantage is overcome by generating audio frequencles using an RC
ogeillator. This trainer is a typical example of an RC ogcillator used
in generating an audio signal.

Activity
a. Measure the amplitude of the signil on the collector of Q-101.

Measure the time required for one cycle. Record your measure-
ments in the spaces below.

Amplitude Volts bk/pk.,

Time for one cycle milliseconds.

1
Calculate the frequency (f = -t-) of oseillations, and record in the
space below.

Frequency Hz.

Leaving ““A Channel’’ probe in TP«105, uge ‘‘B Channel’’ probe to
measure the signal amplitude atthe following test points, and record
results in blanks provided,

TP=101 volts PP,

TP-102 volts PP,

TP«103 volts PP,




; LABORATORY EXERCISE
d, Underline the correct response to the following statements:

{1) The osclllator is producing a signal in the {audio) (radio) frequency range.

(2) Amplitude of the feedback signal is (increased) (decreased) by each RC
section in the feedback path.

(3) From collector to base, the feedbuck signal is shifted a total of (0) (60)
{(90) (120) (180) degrees, providing (regenerative) (degenerative) feedback
for sustaining oscillations.

e. Leaving “A Channel’’ probe in TP-105 and ‘‘B Channel’’ probe in TP-103
rotate R-105 completely countercloclwise (NOTE: If your traiger cCeases
oscillation with R-105 in the complete.; CCw position, rotate R-105 back in
a CW direction until oscillations recur.) Measure the amplitude of the output
(TP-105) and feedback (TP-103) signals, and record in the blanks provided.

TP-105 volts PP.

TP-103 volts PP.

f. Underline the correct response to the statement following:

Rotating R-105 in a CCW direction cause feedback amplitude to (increase)
{(decrease) and output amplitude to (increase) (decrease).

g. Rotate R-105 in a completely CW direction. Remove ‘‘B Channel’’ probe from
TP-103. Leaving ‘A 'Channel’’ probe connected to TP-105, connect a test lead
between TP=103 and ground.

Underline the correct response to the following statement:
Amplitude of output oscillations was (increased) (decreased to 0) because the
test lead is effectively (opening) (3horting) R-103 and the emitter to base

junction.

h. Move the test lead from TP-103 to TP-102. Underline the correct response
to the following statement:

The circuit (is) (is not) oscillating because the (regenerative feedback is being
shorted to grcund) (forward bias has been reduced to zero).

i, Remove the test lead from TP-102. Place the multimeter FUNCTION switch
on 1000 Ohms/Volt DC, and the RANGE switch on 1000. Connect the voitmeter
between TP-101 and ground. Observe the signal at TP-105. Change the multi-
meter range switch thru all ranges downtothe 10 volt range. Measure the time
required for one cycle, and calculate the oscillator frequency. Record your
results in the spaces provided,

15
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LABORATORY EXERCISE

Time for one cycle 2 milliseconds.

Frequency 2 Hz.

(NOTE: The internal resistance of the voltmeter 18 being connected in parallel
with R-101. When the RANGE switch is changed, the internal resigtance of
the meter changes, effectively changing the resistanceof R-101. A8 the RANGE
awitch s changed downward, the internal resistance of the multimeter decreases).
Underline the correct response to the following statement:

As resistance of R-101 effectively was decreased, the time required for one
cycle (increased) (decreased) and the frequency (Increased) (decreased).
Summary; Underline the correct response to the following statements:

(1) The RC oscillator circuit used for this trajner uses (two) (three) RC
gections to shift the signal from collector to base a total of (0) (60) (120) (180)
degrees, providing regenerative feedback for {only one) (more than one)

frequency.

(2) Decreasing the amount of regenerative feedbéck causes (a decrease)

(an increase) (no change) in output amplitude, and (an increase) (a decrease)

(no change) in outpat frequency.

(3} Shorting either of the resistors in the RC phasge shift networks causes the
oscillator to (oscillate at alower frequency) (cease oscillating).

(4) Decreasing the resistance of either one of the resistors in the phase shift
networks causes the oscillator to (cease oscillating) (osciliate at a higher
frequency) (oscillate at a lower frequency).

CONFIRM YOUR RESPONSES ON THE NEXT EVEN NUMBERED PAGE.







LABORATORY EXERCISE

ANSWERS TO LABORATORY EXERCISE: '

3. a) Amplitude 14 volts pk/pk
Time for one cycle .32 milliseconds.
Frequency 3,125 Hz.

TP-101 4 volts PP.
TP-102 1 volts PP,
TP=-103 .1 volts PP.

(1} audio
(2) decreased
(3) 180, regenerative

TP-105 6.6 volts PP.
TP-103 .06 volts PP.

decrease, decrease
decreased to 0, shorting
is not, the regene-rat:lve feedback is being shorted to ground

{1) .25 milliseconds.
(2) 4,000 Mertz.

(3) decreased,

(4) increased.

_ (1) three, 180, only one
{2) a decrease, no change
(3) cease oscillating
(4) oscillate at a higher frequency.

If your response to ANY of tﬁe statements is wrong, or if ANY of your measurements are more
than 10% different from those given, goback and repeat that portion of the Laboratory Exercise.
¥ necessary, review the referenced text for clarification. Your instructor will assist you if
needed, -

-CONSULT YOUR INSTRUCTOR FOR PROGRESS CHECK.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK .

18
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MODULE SELF-CHECK
SOLID STATIE RC OSCILLATORS
For questions 1 and 2, match the schematic dlagram (Figure 6 and T) to the names of oscillators.
1, RC Phase Shiit

— -~ 2, Wien Bridge

Figure 7
For questions 3 thru 6 refer to Figure 6,
3, This osciliator contains (1, 2, 3) phase shift networks with the purpose of shifting the signal

between the collector and base of Q! a total of (0, 60, 120, 180} degrees.

4. The regenerative feedback loop for this oscillator ennsists of Q1,

a. R6, and RS,
b. RS, power source, and R3.
e. Cl, C2, and C3,

d. Cl, R, and R3.




MODULE SELF-CHECK

5. Symptorﬁ: Circuit 1s not osciilating; 'V
trouble is

c 1s high; forward bias has decreased. A possible
a, <C3 open.

b. (3 shorted,

¢, C2 open.

a C2 shorted.

No output signal; V c 18 very low. A possihle trouble i8

a, Q1 open.
b, Ql shorted.
¢. R4 open.
d, C3 shorted.

For questions 7 thru 10 refer to Flgure 7,
7. ‘The purpose of C4 is to couple

a, regenerative feedback only.

b, degererative feedback only.

¢. hboth regenerative and degenerative feedbacic.
d. the output signal to the amplifier. -

8. The purpose of R3 is to control

a. degenarative feedback amplitude.

" b, regenerative feedback amplitude.
c. degenemﬁve and regenerative feedback amplitude.
d, regenerative feedback and bias applied to Ql.

9. Amplitude of regenerattve feedback on the base ofQl i3 higher (above, at,'below) the center
of the frequency band.

10. The frequency determining device of this circuit 18 composed of

a. Re, C3, and R,

b. R1, C1, R2, and C2,
¢. C4, R3, and R4.

d. €3, Q2, C4, and QL.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.







MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK
1, Figure 6
Figure '?'
3, 180
Cl, C2, and C3.
C3 shorted,
Q1 shorted.

both regenerative and degenerative feedback.

degenerative feedback amplitude.

Rl, Cl, R2, and C2.

-

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL YUTSTIONS
CCRRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTEY R CUIDANCE,

5
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Page 1 Objectiver

Page 8 Question 6

. Page 9 Question 10

Page 13 through 18

CHANGE 1

KEFwGP~Lid;

1 September 1974
Effective 1 February 1976

a. From & schematic diagram of any one of the following
oscillators, select the component(s) that comprise
the feedback loop(s), frequency determining device,
forwerd bias ndtwork, amplitude adjustment, and the
frequency adjustment: Phase Shift; Wien Bridge,

b, Given a traimer and oscilloscope, measure and
calculate the phase shift in degrees of each RC
network of an RC oscillator within + 10 percent
aceuracys

oms: V. is higher than normal (almoat equal to
C and thege is no ocutput. A possible trouble is

I

&+ C3 open,

- _ b C3 shorted.

¢ Ch-ghorted.

’ d. . Ch open,

c

Symptems: V., is very close to VCC and there is na
output. A pdesivle trouble is

8 03 Opena -
be Ch shorted,

¢+ R3 open

.d’ R5 open
Use the following Laboratory Exercise
LABORATORY EXERCISE
hiyel
SOLID STATE RC OSCILLATORS

OBJECTIVE: Given a trainer and oscilloscope, measure and calculate the phase

shift in degrees of each RC network of an RC oscillator within +
10 percent accuracy.

ATC Kedaler 6.3848
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Phase Shift Oscillator Trainsr
2. Oscﬂloscope
3. Multimeter
4. Transistor Power Supply
REFERENCE: Student Text, volume 6, paragraphs 2-84 thru 2-91.

CAUTIONs OBSERVE E'JTH- PERSONNEL AND ECQUIPMENT SAFETY RULES AT ALL TIMES.
REMOVE WATCHES AND RINGS.

PROCEDURES |
1. Trainer Analysis.
a. A achematic diagram of the trainer is shown in figure Ll4-l.
b. The purpcse of each component is as followsi
(1) R106 and R105 make up the collector locad for QU0L.

(2) R03 and R104 make up the forward bias network for Quo1.
R103 1s also part of the frequency determined network.

(3) QUOL is the amplifier in the RC oscillator.

(4) cC101, K01, Cl02, R102, Cl03, and R103 form both the
feedback loop and the frequency determining device.

¢. Each network will ahift the feedback aignal approximately 60°
and the tyensistor will shift the phase 180°. These shifts will
total 360" at only one frequency. ‘

2. Preparation of Equipment

8e OSCIILOSCOPE CONTROLS

(1) Power
\’ st

(2) CHl and CH2 Vertical Position

(3) AC/GND/DC, CHL and CH2 |
(4) VOLTS/CM, CHL

(5) vOLTS/CM, CH2
(6) SEPARATE/CHL&CH2

(7) AC/ACF/DC




CHOF/ALT
TRIG SELECT

LEVEL
TIME/CM
FOCUS and IN'EE:NlSITiI

PULL TO INVERT CH2

3L

ALT
CH1 +

AUTO

50125 CAL
well defined sweep

Push In (Normal)

TP-106

)
10
cloga

L)
€Ol

TR-I0) TP-102 TP-103

R-1Q5

Zoc2

TRAINER CONTROL
R105 fully clockwise

POWER SUFFLY
(1) Connect trainer to power supply.

(2) Turn power supply on.

Figure 44~1. Fhase Shift Oscillator

(3) Set voltege to 22 volts DC using ‘me_t;er on power Supply.

3




3.  Activity.
a . Connect the oscilloscope to trainer
(1) cHl probe to TP105 and GND. -
(2) CH2 probe to TPLO3 and GNN.
b. Obserye the waveform (CH2) at TP103 (base of Ql0l), and if
distortion is present adjust R105 counterclockwise until the distortion
disappears. .

¢+ Measure and record the output voltage (cH1), time foi one cycle, and
cslculate the output frequency as it appears ot TP105. (f ---)

(1) Collector voltage volts PkwPK.

(2) Time for one éycle miliiseconds.

(3) Output frequency " Herts.

d. Leaving CHl connected to TF105, measure a.nd record the voltages
through the RC phase shift network using CH2.

(1) TR0l volts: Pu~Pt

(2) TPO2 ' yoits PePx
(3) TP103 volts Pk=Pi

a

€. Measure and record the pi'laae shift acroes each of the RC networks.
Use the .fo]_lowing procedurea to measure’ phase relationahipa.

- (1) To measure the pha.se shift scross ClOl compare the waveshape,s
at "TP105 and 'I'PlOl. CHl to TF105 and GH2 to TF1O1.

(2) Using both channel voms/cu and VARIABLE controls, adjust both
waves to the same amplitude  and as large as possible on the display,

- (3) Set both channel AC/GND/DC controls to GND and position both
traces on the horizontal center line of the display.

(4) Return CHL AC/GND/DC to AC. Using the TIME/CM and VARIAELE
controls, set one cycle to cover exactly 8 em.. ‘I'hp.a is a reference.
NOTE: You now have one cygle (360 ) covering 8 em. Theirefore
- 1 em s equal to 45 ‘ Esch small division {.2em) is equal
<8 to 9 .

/5) Place CH2 AC/GND/DC ewitch to AC, messure the time dii’fereme
between the two wavesand convert to degrees. .

L
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(6) Record phese shift across ClOY.
degress.

(7) To check the phase shift across (102, compare waveshapes at
TPI0L and TF102 with CHL at TR0l and €H2 at TPLO2.

(8) Using steps 2 thru 5 in procedure 3e, measure and record the
phase shift acrose Cl02.
_degrees.

(9) Move CH1l to TP102 and CH2 to TF103, measure and record the phase
shift across C103.
degrees.

f. 7The calculated total phase shift aeross tl‘ael RC nt.atwrks is degrees.
g- To measure totai phase shift:

u)0mmucmtonmsudwzmznm.

(2) FPollow steps 3e(2) thru 3e(5) to measure and record the

total phase shift.
Jegrees.

Le _ Summarys
a. Ccnsolidate the readingstaken in the lab Jproject for the
(1) Output frequency — Hertz 3¢{3).

(2) Transistor output volt;age volts 3c{l).
(3) Pnase shift C10L degress 3e(6).
{4) Voltage at f?&gl volts 3d(1).
} Pbase Shift C102 degrees 3e{2).
(6) Voltage at TPLO2 yolts 3d(_2).
(7) Phase shift €103 degreas 3e(9).
(8) Transistor :‘.nputlvolthge volts:Bd(B).

b. The phase shift across each RC network is approximately
degress.

¢+ The total phase ghift across the three RC networks is approximately
: degrees.

CONFIRM YOUR ANSHERS.
i3
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ANSWERS TO LABORATORY ALlpel

3. c. (1) 8 to 12 volts. f. 185 to 195 degrees,
(2) +25 to .4 milliseconds. g (2) 185 to 195 degrees.
(3) 2500 to 4000 Hertz. '
(1) 2 to 3 volts.
(2) 5 tp 1.5 volts.
(3) 20 to 60 millivolts.
(6 45 to 60 degrees.
(8) 45 to 60 degrees.
(9) 60 to 89 degrees.
(1) 2500 to 4000 Herta. b. &0 degrees.

(2) 8 to 12 volts. C. 180 Qegreesa.

(3) 45 to 60 degrees.

{4) 2 to 3 volts.

(5) 45 to 60 Qegrees.

(6) 05 to 1.5 volts.

(7) 60 to 89 degrees.

(8) 20 to 60 millivolts.
1f your response- to ANY of the statements is wrong, or if ANY of your measurements
are more than 10% different from those given go back and repeat that portion of
the Laboratory Exerclse. 1If necessary, review the referenced text for clarifi-
cation. Your instructor will assist you 1f needed.

CONSULT YOUR INSTRUCTOR FOR PROGRESS CHECK.
YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE: SELF-CHECK.
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Radar Principles Branch
Keesler Air Force Base, Mississippi

ATC GP 3AQR3X020-X

KEP-GP-45
1 October 1975

ELECTRONIC PRINCIPLES {(MODULAR SELF- PACEb)

MODULE 45

SOLID STATE FREQUENCY MULTIPLIERS

This Guidance Package is desié\ﬁ‘ed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resocurces you may study, enabling you {o satisfy the learning chjectives.

CONTENTS

- TITLE

Overview

List of Resources
Adjunct Guide
Module Self-Check -
Answers

OVERVIEW

1. SCOPE: Quite often it is impractical

for a particular oscillator to produce a
frequency high encugh to meet the require-
ments. And, it i8 quite common insuch cases
to produce the higher frequency by having
the oscillator produce a relatively low fre-
quency, and then multiplying the oscillator’s
cutput as much as required to reach the
needed frequency. This module will discuss
how this multiplication is accomplished.

2. OBJECTIVE: ‘Upon completion of this
module you should be able to satisfy the
following cbjective:

Given a schematic diagram of a frequency
multiplier, {with component values given)
and the input frequency to the frequency
multiplier, determine its output frequency
and the factor by-which its input !requency
wil] be multiplied in the output.

LIST OF RESOURCES

To satisfy the objectives of this module,
yon may choose, according to your training,
experience, and preferences, any or all of
the following:

READWNG MATERIALS:

Digest
Adjunct Guide with Student Text VI

AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK, IF NOT, SELECT
ONE OF THE RESOURCES AND BEGIN
STUDY.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

Supersedes KEP-GP-45, dated 1 June 1974, Supplies on hand will be used.
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ADJUNCT GUIDE
INSTRUCTIONS: '

Study the referenced materials as directed.

Return to this guide and answer the
questions.

‘Check your answers against the answers

at the back of this Guidance Package.

Contact your instructor if you experience
any difficulty.

Begin the program.

The use of frequency multipliers is common
in electronics systems. Their use is especially
common in equipment requiring a very stable,
extra high frequency.

For ionstance, you should recall that a
quartz crystal oscillator affords the best
frequency stability. However, the highest
frequency that a crystal oscillator, such as
the Butler you previously studied, can opérate
is determined by physical limitations, The
higher the frequency desired, the thinpner the
crystal must be grouwrl. Eventually, a point
_is reached where the quartz crystal wafer
is su thin that it would shatter if caused
to vibrate. i

The advantage of exceptionally good fre-
quency stability of a crystal oscillator is
maintained, and the disadvantage of a shattered
¢rystal is overcome, by using a lower {re-
quency crystal and then multiplying its output

as many times as required to nroduce the
desired frequency.

A. Turn to Student Text, Volume VI, and
study paragraphs 2-105 through 2-112. Return
to this page and respond tothe following
statements,/questions.

1. A frequency multiplier will most likely

operate Class (A} (C) in order to (produce)

{prevent) harmonics of the fundamental

frequency.

2. A Butler osciilator is producing a {re-
quency of 430 kHz. 1t is followed by a
doubler, a tripler, and a quadrupler. The
output frequency of the quadrupier is:

a. 3870 kHz

b. 10.32 MHz

3.87 MHz

d. 1032 kHz

3. Given the figure 45-1 schematicdiagram

with tank circuit component vaiues,
the resonant frequency of the tank circuit is

kHz. {Use the formuia:

.159
'fo =\/L_C and carry answer to 4 decimal

places.)

+VCC

C2

R1

Figure 45-1




S
B

4, with an input freguency of 660 kHe,
the frequency roultiplier will act as a
(doubler) (tripler) (quadrupler).

5. A {requency muitipller serveé as a
(rectifier} (buffer).

6. The frequencymultiplier (does) (does not)
require neutralization.

CONFIRM YOUR ANSWERS AT THE
BACK OF THIS GUIDANCE PACKAGE.

YOU MAY STUDY ANOTHER RESOURCE OR
TAKE THE MODULE SELF-CHECK.

MODULE SELF-CHECK
QUESTIONS:

All questions refer to the circuit in figure
45-2,

1. This circuit is correctly identified as &

2, This circult i normally operated class
(A) (C) in order to (develop) (prevent)
harmonics.

3, With the given values of tank circuit
capacitance and inductance, and the input
frequency of 10 megahertz, this circult would
act as a {requency (doubler) (;ripler)
(quadrupler).

4. In addition to multiplying frequency, this

circult will act as a (voltage doubler) (buffer).

5, U the input frequency to this circult is
changed to 20 megahertz, the output frequency

will (increase} (decrease) (remainthe same);
and the circult will pe a (doubler) (tripler)
{(quadrupler).

CONFIRM YOUR ANSWERS AT THE

BACK OF THIS GUIDANCE PACKAGE.

+VCC
‘L]
2 8 uM
L outeut

F\a

REP4-1434

Figure 45-2
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ANSWERS TO A - ADJUNCT CUIDE

1. C, produce

2. b

3, 1980 kHz
4, tripler
5. buffer

€. does not

if yoﬁ missed ANY questions, review
the material before you continue.

ANSWERS TO MODULE SELF-CHECK

1. f{frequency multiplier

2. C, develop
3. quadrupler
4, buffer

5. rema’n the same, doubler

r—

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT REVIEW
THE MATERIAL OR STUDY ANOTHER
RESOURCE UNTIL YOU CAN ANSWER
ALL QUESTIONS CORRECTLY. IF YOU
HAVE, CONSULT YOUR INSTRUCTOR
FOR FURTHER INSTRUCTIONS.

2039
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 46

SOLID STATE PULSED AND BLOCKING OSCILLATORS

This Guidance Package 15 designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains Specific information, including references
to other resources you may study, which will enable you to satisfy the learning objectives.

CONTENTS
Title Page
Qverview i
List of Resources i
Adjunct Guide 1
Module Self-Check S
Answers 7
OVERVIEW signal pulse recurrence tinie; thatdetermine

1. SCOPE: A pulsed oscillator is normally
a sine wave oscillator that is gated (turned
on_ and off) to preoduce an gutput for a
gspecified period, angd is then turned off for a
specified period. A blocking -oscilldtor, on
the other hand, produces a constant output of
narrow pulses used for timing purposes. In
this module you will learn how the ouiput
signal is produced {rom each of these circuits;
and specific components that affect the cutput
and {eedback arrangemnents,

2. OBJECTIVES: Upon completion of this

module you should be able to satisfy the

following objectives.

a. Given a collector loaded pulsed oscil-
lator schematic diagram with an input gate

and a group of waveforms, select the ocutput.

b. From a schematic diag_ram of
a blocking oscillator, select the com-
ponent(s) that primarily determine output

'signal pulse width; that -determine output

transistor cutoff tim:; that provide forward
bias {or the transistor.

c¢. Given the schematic diagram of a
blocking oscillator and descriptive state-
ments and waveforms, match the waveform
to the statement.

d. Given the schematic diagram of a
synchronized blocldng oscillator and a group
of waveforms, select the ideal waveform that
would be present in the feedback 1loop and in
the output circujt.

LIST OF RESOURCES
To satisly the objectives of this module you
may choose, according to your training,
experience, and preferences, any or all of
the following.
READING MATERIALS:

Digest
Adjunct Guide with Studeat Text VI

Supersedes KEP.GP-46, dated 1 August, 1974, Supplies on hand wul be usged.
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AT THIS POQINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAF< THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

ADJUNCT GUIDE
The circuits you will study in thig module
include the pulsed oscillator and the blocking
oscillator. These circuits are uged in radar
and commurnications equipments.
INSTRUCTIONS:
Study the referenced materialsasdirected.

Return to this guide and answer the
questions.

Check your answers against the answers
at the back of this Guidance Package.

Contact your instructor if you experience
any difficulty.

Begin the program.

_a.

—b.’

—_—.

“A. Turn to Student Text, Volume VI, and
study paragraphs 3.1 through 3-20. Return
to this page and answer the following
statements/ questions.

1. In each of the three different pulsed
oscillators discussed in the Student Text,
the transistor to which the' input gate is
applied acts as a (switch) (amplifier), and
the transistor must be {cut off) {saturated}
in order for the e¢ircuit to prodvce a sine

' wave ocutput.

2. The rate of damping of the sine wave

output from the collector-loaded and emitter.
loaded pulsed oscillator without regeneration

is controlled by the:

.- Amplification factor o; the transistor.
@ of the tank circuit.

Amplitude of the feedback.

Amplitude of‘the input gate.

3. Sine waves would be generated at the
emitter of Q1 {figure 46.1) during which

time period of the input gate?
TO to T2.
T1 to T2.
—¢. TO to T1 and T2 to T3.

TO to TZ and T1 to T3.

4. Frequency of the gine wave appearing at
the emitter of Q1 (figure 46.1) isdetermined
by the (input gate width) (value of L1and C2).

ee

QUTPUT
C2 L1

REP4-1432

Figure 46.1. Pulged Oscillator

£12




REP4-1433

Figure 46-2. Schematic Diagram

Reter to figure 46-2 for questions 5 and 6. 8. The frequency of the sine wave on the

5. The schematic represents a (coueétOr) collector of Q3 is determined by the:

(emitter)-loaded pulse oscillator (with) (with- _—_.a. Width of ths negative gate on the baée
out) regeneration. of Ql.

6. The circuit will produce a (sine) (square) . —.b. Width of the positive gate gn the base
wave output from T toT__andT___ to of Ql.

f i .
T___ of the input gate —.C.. Circuit RC time constants.

For questions 7 through 9, refer to ligure
46-3. :

7. A (pogitive) (negative) gate on thebase of 9. Before an input gate is E;iph‘ed to Ql, Q2
Q1 causes it to (cut off) (saturate), producing iz held at (cutoff) (saturation} by the (low)
a gine wave output. (high) voltage on the collector of Q1.

e

——d. Resonant frequency of Y1.

+VCC

= QUTPUT

INPUT _
GATE

Cl

REP4=796

Fig:ure 46-3. Crystal Controlled Puised Oscillator







CONFIRM YOUR ANSWERS.

B. Turn to Student Text, Volume VI, and
study paragraphs 4-1 through 4-20. Return
to this page and respond to -the fol-
lowing statements/questions.

1. A timing pulse ghould have (fast) (slow)
rise time, (flat) (sloping) top, {fast) {slow)
fall time; and accurately controlled

frequency.

2, The component or components that
primarily control the width of the output
pulse from a blocking oscillator is/are the:

Resistors and capacitors.

LC tank circuit values.

—_1a
—n. Feedback transformer.
-

—d. Input trigger {frequency.

3. In a series RL circuit, maximum voltage

is dropped acrosa the (resistor) (mductOr)
at the instant power is applied.

CONFIRM YOUR ANSWERS.

C. Turn to Student Text, Volume VI, and
study paragraphs 4.21 through 4-29. Return
to this page and answer the following
statements/ questions. \

46-4.

NCC

NCC

COLLECTOR
WAVEFDRM

REP4-1380

For questions 1 through 8, refer to figure .

—- }
.___b.
R
—d

\
1. Draw the base waveshape: .

TO Tl

+ 1

2. Match the statements in colu.mn Ato t.he

waveshapes in column B. )

L\—‘l Al
A

a. Resigtance of R2

too high

b. Resistance of R2

CRITICAL
DAMPING -

(2) v

¢. Resistance of R2 .

correct

OVER
DAMPING

(3) OijQSHOOT

too low

UNDER
DAMPING

3. The Hme irom '1‘0 to T2 is controuedby
R1 and C1 ohly.

Ll and L2 only.

L1, L2, and R2.

L1, L2, R1, and C1.

Figure 46.4. Blocking Oscillator
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4. Cutoff time of transistor Ql is con-
trolled by: '

—3a. Rl and C1 only.
—Db. LIl and L2 only.

c. L1, L2, and R2, -
—4d. LI, L2, Rl, and C1.

3. The time from TO to Tl is primarily
controiled by:

—a. RlandCl.

—.b, Ll and L2.

—c. L1, L2, and R2)
—d. LI, Lé, Im, and Cl.

6. From Tl to T2, @l is(cutoff) (saturated),

. and Cl is (charging} (discharging).

Refer to figur:e 46-5 for quéstions '?"chrough
11. .

-Yee

’

L
E TERTIARY
L3 ouTRUT

Figure 46.35. Blocking Oscillator

7. Match the statements in column A with’
the waveshapes in column B. -

Column A

a. 3Signal on the base of Q1

b. Controls PRT

LS

[ Ny

-~ -VCC (]

w — Y,

2.  Qutput signal

d. “Controls PRF

e. Collector signal

Column B

: ‘e— 400 MICROSECONDS—m!
(w__ c -
Y FrT 200 ¥ Yy

> MICROSECDNDS'

(2)
OV—- -

o
(4) 'I

r_{.

’_l

] 1 ) *
10, T2

8. With a trigger input every 200 micro-
seconds (as shown in ‘question 7(1), an
output pulse is developed for every (one) (two)
input trigger(s). : i

B. Use the time references of question 7,
colump o8B, and list the things that directly

- affect the fquowlng ifitervals:

a. TOto Tl.

b. TI1 to TZ.

c. TO to T2.

10. If C2 became open, which one of the
following statements would be true?

~—2. The blocking oscillator would not pro.
duce an output signal.

—b. The output signal frequency would
incpease slightly.




—=¢. The output aignal frequency would
decrease slightly.

—~d. The output

PRT would . decrease
slightly. )

11. Symptomas: Ve is very nearly equal to
Voos and there is no output. A possible
trouble is:

.‘ R1 open.
C2 open, -
Q1 shorted.

L1 open.

CONFIRM YOUR ANSWERS.

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.

Y cc

MODULE SELF-CHECK

For queationé 1 through 3, refer to figure
46-6,

1. The eircuit is a (collector) {emitter)
<loaded (puissd) (blocking) osgeillator,

2. The sine wave output frequency of this
¢ircuit is determined by the (input gate -
width) (tank ctreuit values).

3. The length of time this eircuit isallowed
to oacillate is determined by the (input gate
width) (ta.nk ¢ircuit values).

"

For gquestions 4 through 10, re!er tofigure
46-7.

_ Figure 48-6. Circuit Diagram

e




A.

_V

I
. |
LZ - B. gy]=-
TERTIARY
L3 QuTPuUT

REP4-~1431
Figure 46.7. Circuit Diagram

4. This circuit is a (free running) (synchro. b. Trigger
‘nized) blocking oacillator.

c. Feedback

5. Pulse width of the outpur from this .

circuit is primarily determined by (trigger g I.’:‘;S" re‘;‘:r;eﬂcemti;ne (PRT) is from

frequency) (values of Cl and R1) (T1). - - — - —

Y. The time Tl to T2 represents (pulse

8. Forward bias for this circuit isprovided width) (PRT) (reat time).

by the current flowing through (R1} (L2) and

the (base/collector) (base/emitter) junction. 10, The time T2 to T3 represents (pulse
) width) (PRT) (rest time}.

7. ldentify each of the waveforms:

_ CONFIRM YOUR ANSWERS.

a. Output :




2/0

, ANSWERS TO A: 2. a. (3) j
, ),
1. switch, cut off b. (1)
2. b c. (2)
) -
3. ¢ 3. @
4, Value of L1 and C2 4. a
5. b \

5. collector, without

6. Sine, TO to T1 and T2 to T3 8. cut off, discharging

7. negative, cut off A @
N b. (1)
$. cutoff, low c. 3
d. (1)
‘ e. (4)
If you missed ANY cuestions, review the
material before you continue. . 8. two
9. a. Ll and L2 -
. -
ANSWERS TO B: b. ClandR1
. c. Trigger PRT
1. fast, flat, fast
10. ¢
2, b .
110 a
3.....inductor
i you missed ANY questions, review the
I you missed ANY questions, review the material before you continue., ° .
material before you continue. .
ANSWERS TO MODULE SELF-CHECK:
ANSWERS TO C: -
1. 10 m T2 rl"z_ 1. collector, pulsed
] 1 el b . .
ovrﬂ?}-------ffm)—‘q 2. tank circuit values
' | L/\J/ ] |
. " 3. input gate width —

L * 219 o o
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4, synchronized 8, pulse width

- 5. T1 ‘ 10. rest time

8. RIl, emitter base

7. a. C HAVE YOU ANSWERED ALL OF THE

3 © QUESTIONS CORRECTLY? IF NOT,

b, A REVIEW THE MATERIAL OR STUDY

: ANOTHER RESOURCE UNTIL YOU CAN

- ' c. B ANSWER ALL QUESTIONS CORRECTLY.

’ IF YOU HAVE, CONSULT YOUR IN-
8. Tl1toT3or T2toT4 STRUCTOR FOR FURTHER GUIDANCE.
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Errata for KEP-GP-47, Dated 1 June and 1 Sept 1974 1 April 1975
PAGR PARAGRAPH LINE CORRFCTION
2 Add: AUDIO VISUAL MATERTALS:

1% lesson 30-211, Monostable Multivibrators
(40 min)

Correct the spelling of "_tirgge’r" to ®trigger®.
Space between “The®™ and "'momatable".

After ™Q2", delete “And™ and capitalize "t® in "the".
Change the first *"R2% to "R3%.

Delete the comma after "Q2".

2 3.
2 2
2 3
*l, 3 6
3 7
4 Fig 3A
*5 3rd Symptom
8 2 2
8 3 253
*g 8 .
9 1 3
9 2 _ 5
*10 Ques. le
10 " Ques. 2 2
10 Ques. 2

'11,12,15 thra 18,33, and 34
L]

ATC Keesler 6-3130

Draw capacitors C3 in parallel with R2 and €4 in
parallel with Ré.

After chg, deleste “oquals zero volts™ and substitute
the word "and"™.

In the semtence begimmning with "This pegative ....",
delete the word "negative®™ and after the word
®change®, insert ®in a positive direction®™.

Delete the sentences beginning with "The collector
mltm ......--

Delete "RS5 open®.
Add "a® between "than®™ and "sine"®,

Change "charactoristics® to "characteristics®.

' Change "PPS® to "KHz".

Change both time values to "5 microseconds.

In the schematic, label the capacitor "Ec" and
label the resistor "ER". '

Substitute the new pages, attached to this errata,
" for those in your text.




PAGE

%32
32

36
37
37

PARAGRAPH LINE
Quest. 5 2
Ques. 1l2¢
Ques., 94
Answer b
Procedure 1b3
Ques. g(1)
13
t (9) 15
t 2. 16

Laat statement
IQ‘EBQ ‘16
Figure 16
Ques. 2Le

oY el

W

CORRECTION
Correct spelling of "incresed™ to "increased®.
Change "wuld"™ to “would™.
Delete "a™ in "wouldabe™.
Delete

.Delete all of objective #1.

Re=mmber objJective 2 to mmber 1,

Change "Jones®™ to "Bendix™.

Space between "The® and “trigger®.

Correct the spelling of "decrased™ to "decreased”.

Place a parenthesis mark between ®to®™ snd "o wvolts
t Vo)
Change "RZ® to "R5™. ' N

Change to read "CONSULT YOUR INSTRUCTOR FOR PROGRESS
mx L] L] L] & & & & - - .'.

Change to read ™Symptom: ‘Vch and Q2 = V,n.
Label the bottom of R7 "-i-Vm" and bottom of R2"+VBB".
Change "C1* to "R2®,

'NOTE: The asterisk (*) identifies those additionsl changes required in the text
dated 1 June 1974,




ADJUNCT GUIDE

(’\_ 3. Given the RC circuit with square wave inputand the associated output waveforms (a through

o f) in Figure 6, label the output waveshapes as being taken across the resistor (Ep) or the
capacitor (EC). )

a.

b.

e,
f.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

~ B. Turn to Student Text, Volume VI, and study paragraphs $-295 through 5-38. Return to this
rage and answer the following Statements/questions.

*Vcc

s
Q2
Q2
J_ REP4-1860
. < Figure 7 _
1. Figure 7 is the schematic diagram of a/an multivibrator. -
11
e

AW
Do
Ut




ADJUNCT GUIDE RN

ANSWERS TO A:

1. Pulse width = 8.6 microseconds.

a.
b. Rise Time = 1 microsecond.

e

Fall time = 1 microsecond.

a

PRT = _20microseconds.

e. PRF =50 kHz.

2. sqguare, rectangular, no change, no chaunge

3. a. ER
b. EC
c. ER
d. EC
ER
f. EC
If you mised ANY questions, review the material before you continue. —
A
B
C
D
REP4~1858
-
Chart 2
o

2 228
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ADJUNCT GUIDE '
C. Turn to Student Text, Volume VI, and study paragraphs 5-40 through 5-48. Return to th:ls
(‘ B page and answer the following statements/ questions.
For questions-1 through 6, refer to Figure 9 and Chart 3 as necessary.
IVCI:
R)
JuTPUT
0? .
\ “ Flﬁure 9 .
INPUT 1 l
TRIGGERS 1 I
. \ [ 1 1
i ' v
e B i ==
A ) .
T . - :
| | 1 I vl:l:
B vea . .
i ; wt — v
1 ' \ N
¢ S et - =ov d
! o I . .
{ f ! 1 )
| » | 1 -
¥
N D ‘ «
e i v
1 ! ' "
| i J T
7N . 12 ’ 3 REPU-1867
- Chart 3 :
: 1. Figure 9 is the schematic diagram of a ;

before triggers are applied, @ . is saturated and Q is cutoff.

2. @Given Chart 3 as the waveshapes for the Figure 9 circuit, with waveshape “«B* labeled
as VCQ}, label the remaining waveshapes.

A,

C.

D.

3. Anopen R would remove forward bias from-Q2.

4. Output PRT of the Figure 9 circuit is controlled by the (input trigger PRT}) (value of C2

and R2), and output pulse width is controlled by the (input trigger PRT) (value of C2 and R2).

15




ADJUNCT GUIDE

—

2.

)

&

Lo,
11,
12.

Ll.t' you misged ANY questions, review the materia]l before you continue,

ANSWERS TO B.
1,

astable
A veQlL
c. veaz
D. VBQI
C1 and R2
A. R2
B. R3
c. c1

D, ¢C2

d

Increasing, decrease

. triggered ast'able, input trigger frequency

higher
RC time constants

4

5.

Refer to waveforml “ﬁ" of Chart 3. The time from T1 to'TZ could be increased by

2, increasing thé value of R2,
——— b, increasing the trigger PRT.

————¢. decreasing the value of R2,

=%

———..4. decreasing the trigger PRT.

. 223
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. ' ADJﬁNCTGUIDE |

. , €. 1L Cl (figure 9) became open, which of the following conditions would exist? >

a. VCQ2 would remain high and VvCQ1 would remain low.
L b. VCQl ;uould remain high and irCQz would remain low. )

¢, The dirCuit would continue to function, but at a slightly lower frequency.

d. The circuit would continue to function, but at a slightly hiéher frequency.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D. Turn to Student Text, Volume VI, and study paragraphs 5-49 through 5=59. Return to this
page and answer the following statements/ questions.

For questions 1 through 13, refer to Figure 1¢ and Chart 4 as necessary.

-12v ) INPUT o
‘i . YRIGGERS) r [ [
- . 1
2.2K rR1 . A Vo0l N3V r—
% R? ) % : e -1y
P ‘
B -2V
-1y —
]
e
. e =319y
-13v _
PL I
pa ' -V S
- D )
- —11.7V,
Re I | I
2 a T 71 12 T3
= REP4-1859
Figure 10 o Chart 4 REP4~1865
1. The Figure 10 schematic diagram is correctly identified as a/an
multivibrator.
2. Given Chart 4 as the waveshapes for the Figure 10 circuit with waveshape ‘*A’’ labeled
as VBQI, label the remaining waveshapes. )
B.
C.
D.
17
o

Q. . ' 229




ADJUNCT GUIDE S

Ve

1.

2.

6.

ANSNERS TO C:

Monostable Multivibrator: Q2, Q1

A. VBQ1
C. VBQ2
D. VvCQ2

R2

input trigger PRT, value of C2 and R2

a

b

If you missed ANY questions, review the material before you continue.

- )
3. IThe output PRF of this circuit is controlled by the (input &igger PRF) (RC time constants), -
a-nd the cutput pulse width ig controlled by the (input trigger PRT} (RC time constants).

-4. Complete the following equations:
a. R7=1CQ2 +IR .
b. IR4 = (IR1 - IRS) + {IRT7 = e}
¢. Voc =ER1+ER2 + ER — .
5. Given: The PRT of the input frigge;' 1o the Figure 10 circuit is 500 microse_oonds. The
PRF of the cutput is k kHz.
6. Which of the following is the path through which forward bias CURRENT for Q2 will flow?
a. ”VCC' R7, collector, emitter, R4, ground.
b. =Vee» R7, R6, R3, ground.
c. =Vee, RL, R2, RS, ground.
d. -Vpe, Rl, R2, base, emitter, R4, ground. . p ‘
—- -}

18




MODULE SELF-CHECK
SOLID STATE MULTIVIERATORS

( - Questions 1 thru 4, refer to Figure 12 and Chart 5, k
. R W
Vee A
? "o
. ov_,__ - - - RS R, - .. - -
. ) =3 R2 R3 R4 ‘ 8 3
! v b
| cl C? ' ¢
: 2 OV .. T T
_ o 0 - _ o .
. . ov - - d-- - oA
' T ' : I D
= - . T I
REP4-1660 ™ T T T
REP4-1858
Figure 12 o Chart 9
1. The circuit 'ip Fig'uré 12 js correctly identified as a (triggered, free-running) {astable,
monostable, bistable) multivibrator.
A

2. Given: The waveform labeled ‘“A’’ on Chart ¢ is the signal from the collector of 'Q2, .
Match the remaining waveforms to the proper element of the Figure 12 transistors.

Collector @1

Base @1

Base Q2

3. Increasing the value of R2 or Cl would cause (Ql, Q2) to be cutoff longer, and Q1, Q2)
to be saturated longer. ' "

4, Given: Vo Ql and Vo Q2 are very low, and they remain at the same value. A possible
trouble is . ' ‘

o

a. R2open.

b. Cl open.

c. R3 open.

d. Q2 open.
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MuUuLE SELF-CHECK

. . —_—
Questions 5 ttiru 7, refer to Figure 13 and Chart 10, \
. “Yee . . - - av .
T - r r r r r WPUT TRIGGERS
— - - =¥
Rt g? ) R}éo Re v
I ' ) o ¥p9!
. 1 [l 1
01 X . . X P v
- }_. : 1 : 1 : ! :
c2 a (T Lo
RS I‘GI ' Ré n n T TeT T
. - W
- . - - P -t ¥eo!
TRIGGER INPYT “Yer
— . . - NEP A= 18§}
_ Figure 13 . Chart 10
5. _’The ci;cuit in Figure 13 is correctly identified as a (triggered, free-running} (Astable,
Monostable, Bistable) roulttvibrator. )
6. The purpose of using input triggers to this circuit is to
a. increase pulse width.
— b, decrease pulse width. '
f . , - . - . N ‘. = —

——¢. impair frequency stability,

d. improve frequency sthbihty. )

‘7, On Chart 10, the time from Ti to T3 is called

; this time is controlled by the (tri'ggerfrequency, RC Time Censtants),
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OVERVIEW

SOLID STATE MULTIVIBRATORS

1., SCOPE: There are three basic multivibrators that will be explalned in this module. A
complete circuit analysis of each type, including componeat purposes, waveshapes, uses,
and troubleshooting procedures will be covered. You are expected to become familiar with each
facet of development as it is covered, And, since the Schmitt Trigger circuit is very similar
to multivibrators, it also is covered in this module to approximately the same depth. All of
these. circuits have numerous applications. In fact, regardless of your particular electronics
specialty, you will no doubt encounter weapOns systems requiring square wave generation,
timing, and wave. shaping. Multivibrators and Schmitt Trigger circuits perform all of these
!unctions

2, OBJECTIVES: Upon compietion of this module you should be able to satisfy the following
objectives:

a. Given schematic diagrams of the tollowing solid state multivibrators, select the name
and primary use of each: w

(1) Astable,
(2) Monostable,

. (3) Bigtahle,

b, Given the schematic diagram of a multivibrator and a list of statements, select the
statement that describes the effects of time constants onpulse width, pulse recurrence Ire- .
quency, and pulse recurrence time. .

c. Given the schematic diagram of a muli_:ivibrato:' and a list of statements, select the
statement that describes the effects of triggering on circuit operation.

d. Given a trainer with a malfunctioning multivibrator circuit, a schematic diagram,
multimeter, and oscilloscope, determine the faulty component.

. e. Given a schematic diagram of a2 Schmitt Trigger circuit and a list of symptoms,
" identify the faulty component. ’

AT THIS POINT, YOU MAY TAK E THE MODULE SELF-CHECK. IF. YOU DECIDE NOT TO
TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT PAGE AND PREVIEW THE LIST

OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY
QUESTIONS.




LIST OF RESOURCES

SOLID STATE MULTIVIBRATCRS

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preferences, any or all of the following: )

READING MATEMAI.S:

Digest

Adjunct Guide with Student Text
LABORATORY EXERCISE:

Laboratory Exércise 47-1.

o

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.




Qo
. DIGEST

SOLID STATE MULTIVIBRATORS

In general, multivibrators produce square or rectangular waveshapes in their output. They.
are used in numerous applications such as timing, gating, shaping, storing, shifting, and fre-
guency division, Because of their numerous applications, three basic types are required.
However, for specialized applications, the basic types are frequently modified as required to
fit ‘he specific need. The theory of operation of all types are very similar and, complete
mastery of one will enable you to distinguish and understand individual differences.

Identification of the three basic types i8 relatively. simple. Figure 1 represents a basic
Astable; figure 2 is a basic Monostable, and figure 3 is a basic Bistable multivibrator. The
output waveshapes of each are shown, along with the input tirgger if a trigger is required,
Use these schematic diagrams and waveshapes while reading the explanaticns that follow.

: V. ) |

W . ' I ’
cc B veal

D
Bb

'RBP4-;I-86{J : '
: ® T REP4-1858
Figure 1. Astable Multivibrator and Waveshapes -

|
INPUT
TRIGGERS ¢

LN

Cl

I-‘_if{ure 2. Monositable Multivibrator ang

“Vaveshapes ' - 15 mrdern s
. - f
The names of the three basic multivibrators are derived from the number of stable states.
For instance, the Astable has no stable state. Ql and Q2 wil} alternately switch from cutoif
to saturation; when Q1 is cutoff, due to the feedback, Q2 is saturated. The Monostable has one
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17
[ I | ]
| ] 1
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Figure 3. Bistable Multivibrator and Waveshapes FPé~lass -

REF4.1335%

stable state. Due to the bias arrangement, one transistor will remain cutoff (in the figure 2
circuit, Q1) and the other will remain saturated until an external trigger is applied. The trigger
will cause the cutoff transistor to saturate and the saturated transistor to cutoff (caused by
feedback). After aperiod, determined by the RC time constant (R2 and C2 of figure 2), the circuit
will return to the original state until the next trigger is applied. The Bistable, as the name
implies, has two stable states. One transistor will be saturated and the other transistor cutoff
until an external trigger 18 applied. The trigger causes the transistors to reverse states,
and they will remain in the reverse state until a second trigger is applied to switch them back,

For circuit dentification, (figure 1) note that the astable circuit has a resistor/capacitor
combination in each base circuit, C2/R3 for Q2, and C1/R2 for Ql. Themonostable has a
resistor/capacitor combination (figure 2) in only one base circuit, R2/C2 for Q2. And, the bistable
uses direct coupling from the collector to base of both transistors (figure 3). In addition,
the bistable employs an emitter resistor that is common to both transistors (R4).

The waveshapes of each type multivibrator are valuable atds to understanding their operation’ﬁ .
characteristics. For instance, the waveshapes of the figure 1 Astable circuit show that Q1
is saturated (TO to T1) while Q2 is cutoff. It also shows that Q2 is-being held at cutoff by the
negative signal on its base. Further, it shows that the voltage on the Q2 base decreases at an
exponential rate, and Q2 again becomes saturated when the voltage decreases sufficiently.
C2 discharging through R3 determines how long Q2 stays cutoff, Cl discharging through R2
determines how long Ql remains cutoff (T1 to T2). Now, the cutoff time of Q2, added to the cutoff
time 0iQ1 produces one complete cycle (T0 to T2). Therefore, you should surmise that the output
PRF is controlled by the base RC components (R2, Cl, R3, C2). You should also see that a
- square w ve could be taken from the collector of either (or ®oth) transistors. The two signais
are 180 degrees out of phase,




fo=24
DIGEST

From the astable multivibrator waveshapes it should be evident that, if the location of either
waveshape is given, the Iocation of the other three is very simple to determine. Note that both
transistors are common emitter configurations; therefore, a phase shift of 180 degrees will
take place between the. base and collector of each. Since the base circuits have RC time con~
stants determining their waveshapes, they will have an exponentizl curve. So, if you were
given the waveshape for VBQ2, for example, you would know that VBQI is exactly the same but
180 degrees out of phase. You would know that VCQ2 is a square wave that s 180 degrees out
of phase with VBQ2, VvCQl would be the same as VCQ2, but 180 degrees out of phase.

The waveshapes for the monostable and bistable circuits are equally as simple to determine.
However, you should note that the monostable circuit has an exponential base circuit waveform
on oOnly one transistor, and the bistable circuit has square waves throughout. You should also
note in the monostable circuit that the pulse width (T1 to T2) is controlied by the size of C2
and R2, but the output PRT (T1 to T3) is controlled by the input trigger. Both the pulse width
(T1 to T2) and PRT (T1 to T3) of the bistable circuit is controlled by th+ input trigger. Further,
in the bistable circuit, it takes two triggers in to produce one cycle out, Therefore, the bi-
stable circuit divides the input frequency by two.

-Vee

R1 én gns R4
e

T

2
¢l

__t , REP4-1864
Figure 4. PNP Astable Multivibrator

Trouk eshooting multivibrator circuits (see figure 4) is relatively simple if you have learned
and retained the basic concepts of transistor amplifiers. For instance, you should recall
that increasing forward bias on a transistor decreases thetransistor’s resistance and in-
creases the curreat flowing through it. If the forward bias is increased enough, the transistor
will become saturated, lowering its total resistance drastically. When saturation occurs,
the voltage from collector to ground (VC) very nearly equals zero volts.

On the other hand, decreasing forward bias on a transistor increasesits resistance and
decreases the current through it. If the bias is decreased enough, a point is reached that
forward bias becomes reverse bias, and the transistor is cutoff. When cutoff is reached,
resistance of the transistor i8 maximum and current almost ceases to flow through it. There-
fore, at cutoff, the collector to ground (V) voltage is nearly equal to V.

Understanding the effects of bias changes is imperative to your comprehension of the
following troubleshooting discussion:

Symptom: Ve of Q1 is nearly equal to Ve and VC of Q2 is nearly equal to zero volts.
{See figure 4).




DIGEST

cause: The symptom indicates that Q1 i3 at cutoff and Q2 is saturated. What would cause this?
One possibility is R2 open. To understand this, trace the forward bias current path for
Ql, from -V, through R2, through the emitter/base junction, to ground. So, with R2

229

open, Q1 would have no forward bias; it would be cutoff, and its collector voltage (V) .

would very nearly equal Voo, Voc would be coupled from QL collector to Q2 base,
causing Q2 to be saturated, and its V¢ to nearly equal zero volts.

Ql open would also cause this symptom. Remember that applied voltage (in this case
V) is dropped across an open. Vee (from the collector of Q1) would be coupled to the
base of Q2, keeping it saturated and its coliector volage nearly equal to zero volts.

Symptom: V Ql is nearly equal to zero volts; Ve Q2 m'nearly equal to V.

Cause: R3 open or Q2 open. I required, you can explain this to yourself by following the
explanation for the symptom. above, substituting Q2 for Ql, Ql for Q2, R3 for R2, and
R2 for R3.

Symptom: Ve Q1 equals zero volts; Ve Q2 is very low but greater than zero volts.

Cause: Rl open or Ql shorted would cause this symptom. Rl and Q1 are in series; and,
with R1 open, total voltage would be dropped across R1, leaving none to be dropped between
the QI collector and ground. With Q1 shorted, its resistance would be zero shms and would
drop no voltage from ccllecter to ground. But, how would this cause Q2 to be saturated,
keeping its collector voltage near zerc volts? The answer; it wouldn’t. Recall that the
only thing that will cause Q2 to decrease in conduction (and cutoff) is a changing voltage
coupled to its base from the collector of Ql. Since the collector of Q1 is remaining at
zerc volts, C2 can not charge and discharge; so, nothing is coupled from the Q1 collector
to Q2 base. Therefore, since Q2 has a constant forward bias from V¢, through R3,
through the emitter/base junction to ground, it will conduct constantly near saturation,
keeping Vc Q2 near zero volts. '

Symptom: Vo Q2 and V¢ Q1 is very low but greater than zero volts.

Cause: Cl open or C2 open. Consider that Cl is open and foilow aiong. When power is first .

applied, both transistors initially conduct almost at saturation; therefore, the VC of
both will be low. Now, with C1 open, nothing will be coupled from the collector of Q2 to
_the base of Q1. So, the V¢ of Q1 will stabilize at a value determined sclely by the amount
of forward bias current that flows through R2 and the emitter/base junction. Since V-
of Q1 will not be changing, nothing will be coupled to the base of Q2. Therefore, V-
Q2 will be determined solely by the forward bias current that flows through R3 and " the
emitter/base junction. Since the value of R2 and R3 is chosen to cause the transistors
to conduct near saturation, Vc of both will be very low. By substituting C2 for Cl and
Q2 for Ql, you can, if-necessary, go through the same expianation for C2 open.

Symptom: V¢ Ql equals Vc; Ve Q2 nearly equals zero voits.

Cause: Rl shorted, Recall that no voltage is dropped across a shorted component {R1 in this
cage), and since R1 and Ql are in series between -VCC and ground, Vo would be measured
on the Ql collector. This voltage would be coupled to the base of Q2, keeping it saturated,
and its collector voltage nearly equal to zero volts. '

6 238
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Symptom: V¢ Q2 equals Vi Ve Q1 nearly equals zero volts.

Cause: R4 shorted. U necessary, you can explain this malfunction by following izhe preceeding
explanation, substituting R4 for R1, Q2 for Q1, and Q1 for Q2.

Before discussing the following malfunctions, abrief reviewis in order. Recall that increasing
forward bias of a transistor beyond agiven point {(depending on the transistor’s characteristics)
will cause structural breakdown and destruction of the transistor. In all probabillty, structural
breakdown would occur if either of the base components (Cl1 and R2 for Q1, and C2 and R3 for
Q2) became shorted. However, for explanation, you can assume that the transistors can stznd
the added current without structural breakdown. Do so for the following discussion:

Ny

Symptom: VC Ql and V¢ Q2 nearly equal to zero.

Cause: Cl, C2, R2, or R3 shorted. You should see that parallel paths now exist for forward
bias current; from -Vcc through R2 and from -V through R4 and around the shorted
Cl. These two currents combine as the base/emitter current for Q1, causing Vo Ql
to be very near 2zero. And, since the voltage does not change, nothing is coupled to Q2
to affect its operation. Since R3 allows enough current to flow through the emitter/base
junction of Q2 to cause saturation, its collector voltage also will be near zero. Either
of the other three base circuit components shorted will cause basically the same operation.

If you thoroughly understand the troubleshooting of the astable circuit as explained above,
you should be able to apply this- knowledge in troubleshooting the monostable and bistable
circuits.

1f the waveshape of a square wave signal degenerates to the point that is rounded, a *'Schmitt
Trigger’’ circuit may be used. The circuit will furnpish a sharp rz2ctangular output pulse of
about the same duration and phase as . the input signal. The Schmitt Trigger restores a de-
generated pulse to its original shape,

The Schmitt trigger is basically a multivibrator, The main difference is that one of the coupling
networks is replaced by a common emitter resistor, providing additional regenerative feedback
to obtain a faster switching time. The circuit is shown in Figure 5.

-
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o
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REP4-224%

Figure 9. Schmitt Trigger




DIGEST

In the quiescent state, the input to the Schmitt trigger circuit is at 0 volts. Ql is cut off, and
Q2 is held at saturation by the negative voltage developed across the voltage dividing network
RS, R4, and R3. The current through Q2 causes a voltage drop across R7, reverse biasing Q1
and keeping it cut off. 1n this condition, the output taken from the collector of Q2 is ahout 0 volts.

At T, the negative signal applied to input A hassufficient amplitude to turn Ql on. The
collector of Ql goes to about O0volts as the transistor conducts. This negative change is coupled
to the base of Q2 causing a decrease in conduction. The decrease in the conduction of Q2
through R7 reduces the reverse bias on Ql, Ql is now saturated, and Q2 is cutoff. The voltage
out of Q2 is almost equal to Vee

The circuit remains in this state until T1 when the input voltage becomes less negative. When
the input signal swings in the ositive direction, Ql will start to conduct less. The collector
voltage of Ql will start to conduct less. The collector voltage of Ql starts in the negative
direction. This change is coupled to the bace of Q2 and turns it on. The increase in current
through Q2 and R7 puts reverse bias on Ql, cutting it off. The collector of Q1 goes to negative
Voo, and Q2 conducts near saturation. The output is near 0 volts.

Notice how the rounded input wave is converted to a square wave output. The sharp rise and
fall of the edges i8 due to the regenerative feedback between Q2 and Ql, Any slight change in
the conduction of 31 is applied to the base of Q2 which changes the emitter voltage of Ql.
Capacitor Cl speeds the trangition from one state to the other.

Schmitt trigger circuits are not only used for squaring circuits but also as voltage-level
sensing circuits, Voltage sensing circuits are useful in warning or control circuitry. If the input
voltage rises above or falls below a specified level, the Schmitt circuit produces an output.
The output then activates a warning device, '

The troubleshooting theory of the Schmitt Trigger circuit i3 veTy similar to the astable
multivibrator; therefore, the following symptoms and- probable causes are given without
explanation. Refer to Figure 5 while following the troubles and causes.

Symptom: No output; V¢ Q2 is near zero.
Possible Causes: R3, R4, or Cl shorted,
Symptom: V Q2 is normal; no output.
Possible Causes: Rl or Q1 open; R2 shorted.
Symptom: High frequency distortion in output.

Possible Cause: Cl open.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.
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ADJUNCT GUIDE
SOLID STATE MULTIVIBRATORS
INSTRUCTIONS:
Study the referenced materials as directed.
Return to this guide and answer the questions.

Check your answers agamst the answers at the top of the next even numbered page follovnng
the questions.

If you experience any difficulty, contact your instructor.

Begin the program.

To date, with exception of the blocking oscillator, you have been concerned with circuits that
either -create or amplify sine wave signals. However, in electronics the requirement often
exists for signals other than sine wave. For instance, you should recall that a pulsed oscillator
required a square or rectangular wave input. The i~put wave turned the oscillator on for a
specific pericd, and then turned it off for a specific period. The ecircuits used to generate
these square and rectangular waves are called multivibrators.

Square and rectangular wave signals possess characteristics not found in sine wave signals.
Consequently, different terms are required for designating these characteristics. And, a
discussion of these terms is necessary prior to learning how they are generated. How well
you understand the circuits will, to a great degree, depend upon your mastery of the square and
rectangular wave charactdristics. ’

A. Turn to Student Text, Volume VI, and study paragraphs 5-1 through 5-24. Return to this
page and answer the following statements/questions.

5 5 6 7 8 9.01. 1213 B 15 16 17 181920212?
hicrosocund ! ! i
o !
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1. Refer to Chart 1 and complete the following blanks;

a. DPuilse Width = ‘ microsecond{s).

b. Rise Time = microgecond(s).

Fall Time = microsecond{s).

PRT = microaecond(s).

PRF = kHz

2. The waveform of Chart 1 is a{gquare) (rectangular) wave; decreasing the width of the posi-

tive alternation by 10 microseconds and increasing the width of the negative alternation by 10

microseconds would change it to a (square) (rectangular} wave, and would cause (an mcreasé)

(a decrease) (no change) in PRT, and (an increase) (a decrease) (no change) in PRF,

1
L FRY !
bad o +

‘A LOWGTC =

9 MEDIUM TC =

C SHORT TC =
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- 3. Given the RC circuit with square wave input and the associated output waveforms (a through
(’,,'. ~— f) in Figure 6, label the output waveshapes as being taken across the resistor (Ep) or the
) capacitor (EC).
a,
b.
ct
d.

e.

f.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

B. Turn io Student Text, Volume VI, and study paragraphs 5-25 through 5-38. Return to this
page and answer the following statements/questions,

+VCC

“m

T
IS

IR

Cl Q2

_L _ REP4-1860
~  Figure7 ) .
1. Figure 7 is the schematic diagram of a/an — : : multivibrator.
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ANSWERS TO A:

1. a. Pulse width = 9.6 microseconds.
b, Rise Time = 1 microsecond.

c. Fall time = ] microsecond.

d. PRT = 20microseconds.
e, PRF =50 kHz. '

square, rectangular, no change, no change

ER
EC
ER

‘EC
ER
EC

If you mised ANY questions, review the material before you continue.
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2. Given Chart 2 a8 the waveshapes of the Figure 7 circuit with waveshape B’ labeled as
VBQ2, label the remaining waveshapes.

A,

C.

D.

For questions 3 through 8, refer to Figure 7 and Chart 2 as necessary.

3

3. The time from Tl to T2 of waveform ‘‘D''is primarily determined by the values of C

and R — ‘

4., List the four components that are the primary determinants of the: PRT and PRF of the
Figure 7 circuit.

N

5. Refer to waveform ‘‘A" of Chart 2. The width of the square wave between T2 and T8
could be incresed by »

a. increasing the value of C2.
b. decreasing the value of R3.
¢. increasing the value of Cl.

d. increasing the value of K2,

6. Symptom: VCQ1 very nea.rli,' equals Vs VCQ2 very nearly equals zero. A possible
trouble is ; ’ : .

Its apen.
R2 open.
-R1 open.

R4 open.,
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7. Y Cl should become open, which of the following conditions would exist?

a, VCQIl and VCQ2 woulé be higher than normal.

k. VC@1 would be high and VCQ2 would be low,
—_—C. VCQ2 would be high and VCQ1 would be low,
— _d. VCQl and VCQ2 would be lower than normal.

8. (Increasing) (Decreasing) the values of R2, R3, Cl and C2 would cause the output PRT to
increase and output PRF to {increase) (decrease),

..V§C
m'% énz

ﬁ
0!

a

2

TRIGGER INPUT

= Figure 8

‘9, The Figure 8 schematic diagram represents a/an
multivibrator; its output frequency is controlled by the (input trigger treqﬁency) (RC time
—
)
constanis), :

10: For proper operation of thé Figure 8 circult, the input trigger frequency must be sligntly

(higher} {lower) than the free running frequency,

11. Pulse width (cutoff time of Q1) of the output signal from the figure 8 Circuit is controlled

by the (trigger PRT) (RC time constants).
12 HCl of the‘ F‘igurg 8 circult became gpen, which of the following conditioﬂs would exist?
a, Q1. would remain at cutoff and Q2 would remain at saturation.
___b Q2 would remain at cutoff and Ql would remain at saturation.
¢. The circult wuld continue to function, but at a slightly lower frequency,
d. The circuit would continue td function, but at a slightly higher frequency,

CONFIRM YOUR ANSWERS ON THE NEXT EVEN:NUMBERED PAGE.

Il‘

-
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—_ C. Tura to Student Text, Volume VI, and study paragraphs 5-40 through 5-48. Return to this
r page and answer the following statements/questions.

For questions 1 through 8, refer to Figure B and Chart 3 a8 necessary.

ovcc

QUTPUT

REPA=186F

Chart 3

1. Figure D is the schemétlc diagram of a

before triggers are applied, Q is zaturated and 2 is cutoff.

2. Given Chart 3 as the waveshapes for the Figure 9 circuit, with waveshape ‘'B’’ labeled
as VCQl, label the remaining waveshapes.

A‘

C‘

D‘

a )
3. AncpenR would remove forward bias from- Q2.
4. Output PRT of the Figure 9 circuit is controlled by the {(input trigger PRT) (value of C2

and R2), and output pulse width is controlled by the (input trigger PRT) (value of C2 and R2).

id
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ANSWERS TO B:
1. astable : %

2. A. VCQl
C. VCQz
D. VBQl

3. ClandR2

4. A. R2

B. R&

7. d

8. Increasing, decrezse

9. triggered astable, input trigger frequency
10. higher
11. RC time constants

12. ¢

S

If you missed ANY questions, review the material before you continue.

5. Refer to waveform “D’’ of Chart 3. The time from 71 to T2 could be increased by

a. increadsing the value of R2.

. b. increasing the trigger PRT.

——_r. decreasing the value of R2.

— e @. decreasing the trigger PRT.

239
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€. If Cl {figure 8) became open, which of the following conditions would exist?

d.

b.

C.

d,

VCQ2 would remain high and VCQ1 would remain low.

VCQ1 would remain high and VCQ2 would remain low.
The circuit would continue to function, but at a slightly lower frequency.

The circuit would continue to function, but at a slightly higher frequency.

-

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D, Turn to Student Text, Volume VI, and study paragraphs 5-49 through 5-59. Return to this
page and answer the following statements/questions. .

For questions 1 through 13, refer to Figure 10 and Chart 4 as necessary.

=12V INPUT

~0 3V
vpQl
B
-13v

TRIGGERS} | " r'

Q2
2N525

1. The Figure 10 schematic diagram is correctly identified as a/an

REP4-1859
Chart 4 REP4=~1865

multivibrator.

2. Given Chart 4 as the waveshapes for the Figure 10 circuit with waveshape ‘*A’’ labeled
as VBQ1, label the remaining waveshapes.

B‘

c.
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ANSWERS TO C: |
1. Monostable Multivibrator; Q2, Q1
2. A, vVBQl
C. VBQ2
D. vCQ2
R2
input trigger FRT, value of 62 and R2
a

b

If you missed ANY questions, review the material before you continue.

3. The output PRF of this circuit is controlled by the (input trigger PRF) (RC time constants),
and the output pulse width is controlled by the (inpu; trigger PRT) (RC time constants).
4, Complete the following equations:
a. IR7=ICQ2 +IR
b, IR4 = {IR1 - IRS) ¢ (IR7 - )
c. Vec =ER1 +ER2 +ER
5. Given: The PRT of the input trigger to the Figure 10 circuit is 500 microseconds. The

PRF of the output is kHz.

§. Which of the following is the path through which forward bias CURRENT for Q2 will flow?

-Veco 17, collector, emitter, R4, ground.
-Vees R7, RS, R3. ground.
'Vcc, Rl, R2, R), gr_'ound.

~Vees R1, R2, base, emitter, R4, ground.

18
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7. lncreasing the PRT of the input triggers would cause the output pulse width

a,

-_—-b‘

C.

d.

and output frequency to increase.
to increase and output frequency to decrease.
to decrease and ocutput frequency to increse.

to decrease and output frequency to decrease.

8. The primary purpose of €3 and C4 is to

a.

b..

c,

d.

filter the forward bias for Q2 and Q1.
improve the circuit’s low frequency response.
improve the circuit’s high frequency res,. \nse.

prevent DC coupling between the 2 transistors.

g. 1HcCl beca.me open, which of the following conditions would exist? .

a.

b.

c.

___d‘

Q1 would be saturated and Q2 cutoff.
Q1 would be cutoff and Q2 saturated.
@1 and Q2 would be cutoff.

Q1 and Q2 wouldabe saturated.

Symptom; VCQ1 and VCQ2_very nearly equals VCC A possible trouble is

a.
b.
c.

d‘

€2 open.
R1 and R7 open.
R4 open

R2 open.

If R2 became open, which of the following conditions would exist.

a.

b‘

Q2 would be cutoff, but would conduct briefly each time a negative trigger is
applied to its base.

Q1 would be cutoff, but would conduct briefly each time a negative trigger is
applied to its base.

Q2 would be saturated, but wor.ild cutoff briefly each time a negative trigger is
applied to its base.
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12, An open RE would cause forward bias on Q2 to (increase) (decrease) and forward bias on

Ql lo {increaze) (decrease)

13. The leading_ edge on the output signal from Q2 is rounded. A possible cause ¢f.this is that

e 2s €4 iz Open.
— b, C3is open,
c. Clis open.
d. C2is open.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE,

B. Twu to Laboratory Exercise 47-1. This exercise will reinforce and prove most of the
principles you have learned about multivibrators. In addition, you will gain valuable exXperience
in the practical aspects of multivibrator troubleshecoting.

Return and continue with this pi*ogram when the Laboratory Exercise has been completed.

———— e e e iy

F. Turn to Student Text, Volume VI, and study paragraphs 5-60 to 5-71.
Return to this page and answer the following statements/questions:

¥iir questions 1 through 9, refer to the Figure 11 schematic diagram as necessary.
12y

] 1
ov
OUTPUT l_l
ap2v
| i
cTe T
REP4-2149

Figure 11

20
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1. The Figure 11 scherqatic diagram is correctly identified as .a/an
a. free running bistable multivibrator.
b, triggered astable multivibrator.
c. Schmitt Trigger circuit,
d. pulse shaping monostable multivibrator.
2. With no input signal to the Figure 11 circuit, Q1 is (cutoff) (saturated), and the Q2 output

is (0 volts) -Veo)

3. The two principal purposes of the Figure 11 circuit are wave

and voltage level -
4. Symptoms: Circuit has no output; VC Q2 is normal. A possible trouble is-
————a, R2open,
b. RI1 open.
c. R3 open.
d, R4 open.

5. Symptoms: Output signal is distorted at high frequencies. VC Ql and VC Q2 are normal.
A possible trouble is .

——a, (1 shorted,
b, C1 open.
c. R4 open.

— d. R4 shorted.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ANSWERS TO D

Bistable

B, VCQl

C. VBQ2
D, VCQ2

input trigger PRF, input trigger PRT

a, IR7T=1CQ2+IR$§
b, IR4 = (IR1 - IRS) + (IR7 - IRJ)
c. V_.=ERl + ER2 + ERS
cc =
1 kHz
d

b

b
c
a
increase, decrease

13. b

I you missed ANY questions, review the material before you continue.

cutoff, 0 volts
shaping, sensing
b

b

I you missed ANY questions, review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SF:'!:LF-CHECK.

22 -
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LABORATORY EXERCISE
47-1

SOLID STATE MULTIVIBRATORS

Given a trainer having a semiconductor multivibrator circuit, multimeter,
and oscilloscope, measure the output amplitude and frequency within + 10
percent accuracy.

Given a trainer with a malfunctioning multivibrator circuit, a schematic
diagram, multimeter, and oscilloscope, determine the faulty component.

EQUIPMENT:

1. Sweep Generator Trainer (DD-5932)
2. Oscilloscope (LA-261)

3. Transistor Power Supply (DD-4648)
4, Multimeter (PSM-6)

REFERENCE: Student Text, Volume 6, paragraphs 5-22 thru 5-59

CAUTION: OBSERVE BOTH PERsbNNEL AND EQUIFPMENT SAFETY AT ALL TIMES.
REMOVE WATCHES AND RINGS,

PROCEDURES: 1. Equipment Preparation
a. Oscilloscope Controls

(1) Turn POWER ON
(2) MODE Alternate
(3) POLARITY Normal DC

(4 voLTs/DIV
‘“A’ Channel 1 Calibrated
{Change as required)
‘*B” Channel .5 calibrated
(Change as required)

(5) TIME/DIV .5 milliseconds

{6) TRIGGER SELECTOR Auto, Ext, +
(7) HORIZONTAL POSITION Adjust for Normal Sweep
(8) Focus + INTENSITY -Adjust for Clear Presentation

f

Interconnections

1. Ground Oscilloscope to Trainer at TP2.

2, Conn;" igger input to TPi1 of Trainer.
3. Conneébﬁgwer Supply to Trainer (Use Jones Plug cable).

23
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2‘

¢. Tranaistor Power Supply

(1) oOn/Oft Switch -~ On
(2 -Adjust voltage to 25 volts (Use Built-in meter).

Trainer

(NOTE: The stucdent ¥ILL NOT, at any time, open the hinged panel
on back of trainer.)

(1) S1-RI11

(2) s2-C5

(3) 54 - Down

{4) s3-R12 .

Cobnsult your instructor, ;md let Mm engure that the trainer is in
its normal operating condition.

Ttrainer Analysig

Transistors Q2 and Q3, along. with asgociated components comprise a monostable
multivibrator. A trigger for the multivibrator is supplied by Q1 and its associated
components, Q4 and its associated components will be used in a later lab project.
This trainer provides a ‘simple, practical method for your use in learning the
operational theory of multivibrators in general, and monostable multivibrators
in particular. This trainer will also give you valuable experience in the practical
aspects of multlvibrator troubleshooting.

Activity

(NOTE: The multimeter will be used on the chmmeter function when an opén or
shorted component is suspected, and the oacilloscope will be used for measuring
DC voliages in this project).

a. Establish a 0 volts DC reference for ‘‘A’’ Channel on the bottom line of the
oscilloscope, and 0 volts DC reference for ‘“B” Channel on the center line.
Connect ‘A’ Channel probe to TP § and ‘‘B”’ Channel probe to TP5. Read and
record the amplitude of the signal at each test point.

TP3 v k.

TPS v k.

Read and record ths pulse recurrence time (PRT) of the fr;gger signal
appearing at TP3, Calculate and record the PRF.

PRT miliseconds

PRF « Hz
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€. Draw the signal appearing at TP3 and TP5 on Chart 5 below. (NOTE: Draw
the first trigger pulse (TP3) at the .5 milliseconds line.)

TRy
Volts+

Amplitude ,

-]

Ll

° t6 ‘20 30 48 s ;,. 12"
T'me Milliseconds

TP-5 .
YoltS 4+

n"
\mpli{'uJe o . il .
a; te o0 Ag w i 1&'} to §o
Time Milliseconds

Chart 5

d. Move ‘‘B’’ Channel probe to TP4, and draw the signal appearing there on the
chart below,

e I - ' ‘
Yolts +
l{:li*“c‘e-l

n g - T

O ¥~ B X e 40 so Lo 1.8 gs g0 10 T iz ig
Time Miliseconds
Chart 6

Move ‘B’ Channel probe to- TP6, and draw the slgna.l appearing there on the
chart below. .

4

TR 6
Volts+ °
dmplitude |
Volts —

16 4@ &6 Lo D g0 'iq Jo il
. Time Milliseconds

Chart 7
25
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f. Move ‘‘B’’ Channel probe to TP7, and draw the signal appearing there on the
chart below.

TRT -
Volts+ o -
Anplit‘uh?-f

1w

o {
. 0 40 S0 40 10 0. Y
Trme iliseconds

Chart 8
€. Underline the correct response to the following statements:

(1) when thetrigger is applied to the base of Q2, Q2 is driven into
{saturation, cutoff) a.ndb is driven into {cutoff, saturation).

{2) \The PRT of the output signal is being contrelled by the (trigger
PRT, vaiue of RS and C3).

{(3) The equ~ency of the multivibrator is (the same as, one-half)
the frequency of the trigger.

- {4) During the time the ?ol.tage on the base of Q3 is negative, Qa'ls

{saturated, cutoff) and Q2 is (saturated, cutoff).

(5) Th-e signals on the collectors of Q2 and Q3 are (in, 180 degrees
out of) phase with each other.

(6} The signals on the bases of Q2 (TP5).and Q3 (TP6) are (in,

180 degrees cut of) phase with each other.

(7) The signal on the base of ‘.:22 (TP5) is {in, 180 degrees out of)

phase with the signal on the collector of Q3 (TP7).

h. Refer to chart and read and record the pulse width and rest time of the signai
at TP7. (NOTE: Consider the negative going pulse as rest time, and the
positive going pulse as pulse width.) "

. Rest Time¢ ————— mllﬁseconds.

Pulse Width ———— __ milliseconds.
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i
Consult your instructor and have hirr insert trouble nurzber one.

Using ‘‘B’’ Channel probe, read the rest ime (negative going} and pulse width
(positive going) of the signal at TP7, and record below.

.Rest Time milliseconds.

Pulse width - ‘ milliseconds.
Underline the correct response to the following statements:

(1) Cutoff time of Q3 has (increased, decreased) and cutoff time of Q2 has

{increased, decreased).

(2) The pulse width (positive going portion of signal) at TP7 has (increased,

N

‘:-. decr;z_ased).
(3) A trouble that could posgibly cause the above symptom is that:
© {a) the trigger frequency has increased.
(b) the trigger frequency has decrased.
(c) R5 b8 increased.

{d) RS has decreased.

k. Consuit your instructor and have him remove trouble number one and insert
trouble number two.

1. Move syné lead to TP3. Leave “A’ Channel probe in TPS, and use B’
Channel probe to check the amplitude of the voltage at TP4, TP6, and TP7.
Record the results helow:

TP — volts DC.
TP6 — volts DC. °
TP7 volts pC.

mw. Underline the correct response to the fol]ow@ngo statements:

(1) Vg of Q2 1s equal to (0 volts, Vo), and Ve of Q3 is equal to (near zero

volts, Vc).
(2} The malfunction that could cause both of these symptoms is that:

(2} Q2 is open
_ () Q3 is open.
" (c) R4 is open.
{d} RS is cpen.
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n. Consult your instructor and have him remove trouble number two and install
trouble number three.

Leave ‘A" Channel probe in TES, and use ‘“B'' Channel probe to check the
amplitude of voltage at TP6 and TP7. Record these voltages below.

TP6 volts DC.

TPT , ~olts DC.

Underline the correct response to the following statements:
(1) These voltage values indicate that Q3 is (saturated, cutoff) a:nd that the
input trigger (is, is not) causing the multivibrator to switch.
(2) The malfunction that could causé the ab;)ve symptoms is that:
‘ (a) Q3 is open. :
Q2 is shorted.
{c) RS5 is open.
(@) €3 is shorted.

Consult your instructor and have him remove trouble number t.hree and insert
trouble number four.

. ‘Leave ““A' Channel probe in TP), and use ‘B’’ Channel probe to check the
voltage amplitude at TP4, TP6, and TP7. Record these values below.

e ' volts DC.

1-\
TP6 —__ volts DC.

TPT — volts DC.

Underline the correct response to the-fbllowing statements:

(1) Veeof Q2is (0volts, high) and V¢ of Q3 is ((volts, high).

{2) The malfunction that couid cause these symptoms is that:
| {(a) Q8 is shorted. |

{b) Q3 is open.

{c) RS is open.

R4 is open.
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Q52
LABORATORY EXERCISE
t. Suminary: Underllne the correct response to the following statcmnnts:

(1) The PRT of a monostable multivibrator is tihe same as the input trigger
PRT. (True, Fulse)

(2) Pulse width of the monostable multivibrator wsed in this project is con-
trolled by ths {iaput trigger, ;v-.va.lue of S and C¥).

©(3) Aninput Itrigger causes Q2 to {cutoff, saturaté) and Q3 to (cutoff, saturate).

(4) Capacitor C3 starts to (charge, dischargg) whén the trigger is applied
to Q2. - , -

(5) During the discharge of C3, Q3 is hield at (cutoff, saturation).

(6) When C2 is open, Q2 remains (saturated, cutoff) and Q3 1emains (saturated,

(Y Zero volts on the collector of Q2 can be caused by an open {Q2, R4).
(8) Shorting C3 causes the forward bias on Q3 to (increase, decrease),

keeping Q3 in a {(cutoff, conducting) state.

(9) Shorting Q3 causes its collector voltage.to be equal to O volts, VC c).

(10) A square wave output can be taken from either or both of the (colleclors,
bases) of Q2 and Q3, and the signals will be (in, 180 degrees out of) phase with each other.

CONFIRM YOUR RESPONSES BEGINNING ON THE NEXT EVEN NUMBERED PAGE.

-




LABORATORY EXERCISE

. ‘I ‘\)
~ ’
ANSWERS TO LABORATORY EXERCISE:
3, a) TP31.6 Vpk
/e TP .7 Vpk
b) PRT 2.25 milliseconds
PRF 444 Hz
c)
- 2.3
( TP3 1
t.rigger) M b
Volta+ . i
Amplitude 10
- K
ﬂ -
> o 10 10 “4s so0 o o gs 90 p-
TIME (milliseconds)
1 T
TPs 1.8
(Bue Q2) [ . \)
Volts + -
Amplitude . - . —~
.Q 12 10 'l-.lo - .0 | X 0 -] 1.0 Q-Q LT
TIME (milliseconds)
d)
4 o
TRL 4 +
{Collector Q2) s
Volts+ .
Amp itude *
' l
.a 1o 0 -0 4.0 $.0 'Y 10 o .0 10
TIME (milliseconds)
2




LABORATORY EXERCISE

3. (continued)

e)

TFb
(Base 2) “
Volts+ - | -—
Amplitude °

/AW AR

o 1.0 73 *a -0 [ ¥ (%] o -7 4.9 o

- |
Ih™
1
i

TME {milliseconda)

£}

f)

'i - Volis+ 1
AmPlitude
1.a

.
— (Collector W3) I .
|

olal | -
=Y [ to- 30 "o [ 33 Ta | . .0 o

TIME {milliseconds)

saturation, cutoff.
trigger PRT

the same as.
cutoff, saturated.
180 degrees out of.
. 180 degrees out of,
« in.

g)

h) Pulse width .9 milliseconds.
Rest Time 1.39 milliseconds

j) Pulse width 1.4 milliseconds.
Rest Time .8 milliseconds.

. 1. increased, decreased.
2. increased
3, c¢~R5 has increased.

3 R
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. LABORATORY EXERCISE

T 0 volts DC.
TP6 .6 volts DC,
TPT7 .1 volts IC,

1. 0 volts, near zero volis.
2., c¢-R4 is open.

TP6 .8 volts DC.
TP7 .02 volts DC.

1. saturated, is not.
2. b-Q2 is shorted.

TP4 4 volts DC.
TPG .8 volts DC.
TP7 0 voits DC.

high, 0 volts.
Q3 is shorted.

True.

Value of RS and C3.

gaturate, cutoff.

discharge.

cutoff.

cutoft, saturated.

R4.

increase, conducting,

0 volts.

collectors, 180 degrees out of.

If your response to ANY of the statements is wrong, or, if ANY of your measurements
are more than 10% different from those given, go back and repeat that portion of the lab
project. If necessary, review the referenced text for clarification. Your instructor will
assist if needed. : :

[3

CONSULT YOUR INSTRUCTOR FOR CRITERION CHECK.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK,




DS6G
MODULE SELF- CHECK

SOLID STATE MULTIVIBRATORS

Questions 1 thru 4, refer to Figure 12 and Chart 5.
¥

C

+Vc
1

R2

| A

Cl

1

REF4~1860

. REP4-1858
Figure 12 Chart 9

1. The circuit in Figure 12 is correctly identified as a (triggered, free-running) (astable,
monostable, bistable) multivibrator.

2. Given: The waveforsn labeled “A"” on Chart 9 is the _sig‘nal-fmn; the. collector of Q2.
Match the remaining waveforms to the proper eiement ofthe Figure 12 transistors.

Collector Q1

Base Q1

Base Q2

3. Increasing the value of R2 or Cl would cause (1, Q2) to be cutoff longer, and (Ql, Q2)

to be saturated longer.

4. Given: Ve Qi and Ve Q2 are very low, and tﬁey remain at the same value. A possible
trouble is )

R2 open.
C1 open.
R3 open.

Q2 open.




y MODULE SELF-CHECK -~

i Questions 5 thru 7, refer to Figure 13 and Chart 10,

1 1 e
Rl §R2 r3

‘\N\r—i[

R4
1 ) ~ w vali
! L)
’ ! ! | ' 1 : ' v
2 ) A
i Q o2 T A A
RS Nl R6 0o T T3 T4 TH T
I W
B - - = | VCD:
TRIGGER INFUT . Yee
= “Fd= Lot
Figure 13 Chart 10

5. The circuit in Figure 13 is correctly identified as a (triggered, free-running) (Astable,
Monostable, Bistable) multivibrator,
5. The purpose of using input triggers to this circuit is to
a, inerease pulse width,
b. decrease puise width.
) — _c¢. impair frequency stability,
d. improve frequency stability.

7. On Chart 6, the time from Tl to T3 ie called

; this tire is controlled by the (trigger frequency, RC Time Constants},

Questions 8 through 12, refer to Figure 14 and Chart 11,

. .
INPUT & l
HIGLERS

,‘_‘ v

Vgt

R3
Vel

TPUT

Figure 14




MODULE SELF-CHECK

8. The circuit in Figurel4is correctly identified a8 a (triggered astable, monostable, bistable)

multivibrator,
9. Belore triggers are applied, (Q1, Q2) remains cutoff and (Ql, Q2) remains saturated.
10. On Chartll,the width of the output pulse {Ti to T2) is conirolled by the
a. amplitude of the input trigger.
b, frequency of the input trigger.
c, values of C2 and R2,
d.l values of Cl and RS,
11. Increasing the PRT of the input triggers would cause (an increase, a decrease, no change)
in outpur frequency, and (an increase, a decrease, no change) _in output pulse width,

-

12. 1n order t0 make the ouput pulse width of this circuit manually variable, it is necessary
t0 replace

R2 with a potentiometer,
C) with a variable cavacitor.
R3 with a potentiometer.,

the trigger circuit,

Questions 13 thru 18, refer to Figure 15 and Chart 12,

~12¥
NPT

TRIGGERS | r

1
o =9.9¥

M
=104

REP4-1859
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MODULE SELF-CHECK"
13. Application of the input trigger signal to (only one, botl{) transistors, and a cospmon (emitter,

collector), resistor, identifies this circuit as a/an (astable, monostable, bistable) multivibrator.

14. The input trigger frequency to this circuit is (1/2, twice) the output frequency, and the

o
input trigeger PRT is (1/2, twice) the output signal PRT.

15. The input trigger frequency to this circuit controls (only the output frequency, only tne

output pulse width, both output frequency and output pulse width).

16. Symptom: VC Ql = VCC Q2 =V

cc' A possible trouble is

2. Q2 shorted.
b. Q1 open.
¢. (2 shorted.

d. R4 open.

17. Sympiom: Each negative input trigger Eauses a positive trigger on the collector of QL,
and a negative trigger on the collector of Q2. A possible trouble js

A, R open.

e _b. Cl open.

¢. R2 open.

d. C2 open.

13. Forward bias on @7 could be reduced to 0 by an open
a. RO.
b-- R20

R6.

R3.
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MODULE SELF-CHECK

Questions 19 through 25, refer to Figure 16.

“Vee

R3
1200

Figure 16

13. The two major purposes of the Schmitt Trigger are wave and voltage .

level .
20. Before the input signal is applied to the figure 16 circuit, Q1 is {cutoff, saturated) and Q2

is (cutoff, satufated).

21. IAt TO of the input signal, Ql is driven into (cutoff, saturation), and VCQ2 goes to (-VCC, 0)
volts. )

22. The purpose of Cl is to prevent (high, low) frequency distortion in the output signal.

23. Symptoms: VCQ1 equals -VCC; VCQ2 very nearly equals zero volts. A possible trouble is

—A. Ql open.
b. Rl open.
¢. Cl shorted.
d. all of the above.

Symptom: VCQ2 very. nearly equals VCC. A possible trouble is

a. Rl open.

b. R4 open.

¢. C1 shorted.
———u.d. R6 open.

Symptom: Output signal shows high frequency distortion. A possible trouble is that

Cl is shorted.

the input signal has high frequency distortion.
Cl is open.

Q2 is semi-saturated.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.




MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK.

" 1. free-running, astable

Collector Q1 C
Base Ql B
Base Q2 D -

Ql, Q2.
b, C1 open.

triggered, astable

-

d, improve frequency stability.

pulse recurrence time, trigger frequency
Monostable

Q1, Q2

10. c¢. values of C2 and R2,

11. a decrease, no change

12. a. R2 with a potentiometer.

13. both, emitter, bistable.

14. twice, 1/2 - , )
15. both ouwiput frequency and output pulse width

16. d. R4 open.

17. a. R6 open.

18. b. R2. ‘ -
19, shaping, sensing.

20. cutoﬂ,' saturated.

21, saturation, -VCC,

22. high.

—- - 22, d

24 v

125. c.

© P A s

)
X

ot

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
- MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION. .

7t . 5. GOVERMMENT priNTING OFFKE: 1974-671-15B/111
ATC 111

38
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACEL,

MODULE 48

SOLID STATE SAWTOOTH GENERATORS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including ref-
erences to other rescurces you may study, enabling you to satisfy the learning objectives.

CONTENTS

Titie

Overview

List of Resources
Adjunct Guide
Laboratory Exercise
Module Self-Check

Answers

1

OVERVIEW

1. SCOPE: Certain applications in elec-
tromcs, such as cathode ray tube deflection,
reqmre voltages that are neither square nor
sinusoidal in shape. One such waveshape is
the sawtooth. In this module you will learn
how this signal 13 produced. Depth of cover-
age will be such that you should also be able
to determine frequency and amplitude of the
output signal, the methods used to produce a
linear output, and logical procedures for
troubleshoonng. e

2. OBJECTIVES. Upon completion of this
module you should be able to satizfy the fol-
lowmg objectives.

a. Given the schematic diagram of a
sawtooth generator and a list of statements,
select the statement thatdescribesthe effects
on output linearity when time constants,
applied voltage, and input gate durat:lon are

changed.

Supersedes KI;:P-GP-4B, dated December 1¢75.

bh. Given a trainer having a semicon-
ductor sawiooth generator  circuit,
multimeter, and oscilloscope, measure the -
output amplitude and rise time within &10
percent accuracy.

c. Given a trainer with a malfunctioning
sawtooth generator circuit, a schematic dia-
gram, multimeter, and oscilioscope,
determine the faulty component two out of
three times. /

i

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of

the following.
READING MATERIALS:

Digest :
Adjunct Guide with Student Text VI




AUDIOVISUALS:

Television Lesson 30.817, Unijunction
Sawtooth Generator

LABORATORY EXERCISE:

Laboratory Exercise 48-1, Solid State
Sawtooth Generators

AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH THIS
SUBJECT, YOU MAY TAKE THE MODULE
SELF-CHBECK. IF NOT, SELECT ONE OF
THE RESCURCES AND BEGIN STUDY.

e ——

CONSULT YOUR
NEED HELP.

INSTRUCTOR IF YOU

ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials asdirected.

Return to this guide and answer the
questions.

confirm your answers against the answers
at the back of this Guidance Package.

Contact your ingtructor if you experience
any difficulty..

Begin the program.

A. Turn to Shident Text, Volume VI, and
study paragraphs 6-1 through 6-8. "Return
to this page and angwer the following
statements/questions..

1. For an RC circuit to produce a linear
output across the capacitor, voltage across
the capacitor must not be allowed to attain

a value in excess of %i of, the applied -
voltage.’ - ’

F——L—h"-—_

[
|
l
|
I

{
|
|
I
|

T2 .
REP4-1480

Figure 48-1

2. Refer to figure 48-1 and match the terms
in column A to the“information in column B.

Y
tn,

A ?

1

(1) Linear Slope BtoC

——(2) Sweep Time- - TO to T1

— Q) PRT T1 to T2

____(4) Fall Time TO to T2

—_15) Electrical Length . AtcB

kY

{6) Amplitude

{7) Phygical Length

N

-

CONFIRM YOUR ANSWERS.

g

B. "i‘urn to Student Text, Vblume ¥I, and

study paragraphg 6-10 through 6-22. Return
to this page and respond to the following
statements/ questions.




[

Figure 48-2

For questions 1 through 9 refer to ﬁgul:e
48-2 as necessary.

1. The output waveform (Part B) of the
figure, 48-2, ecircuit could be observed on the
(emitter) (Base 1) (Base 2) of the unijunction
transistor.

2. The valley point of the output waveform
(Part B) is represented by the letter (B) (C)
and the peak point is represented by the
letter (B) (C). '

3. The charge path for capacitor C1 is
through (R1) (Ql) to V(s its discharge
path is through (R1 and Vo) ‘Q1).

4. When Cl is charging the emitter to bage
" (Bl) resistance is (low) (high) becaise the
unijunetion transistor is (reverse) (forward)
biased.

5 Linearity of the output signal from the
figure 48-2 eircuit could be improved by

disconnecting R1 from the +20 wvolts and -
connecting it to a (higher) (lower) voltage.’

6. The PRF of the ocutputsignalis Hz.

7. The output waveform 1is (linear)
(nonlinear} because Ci charges to (more)
- (less) than 10 percent of the applied voltage
before the emitter to base (Bl) junction
becomes forward biaged.

8. Output frequency is controiled by the
value of (R1 and C1} (applied voltage), and
amplitude is controiled by the value of
(R1 and Cl1) (appliecl voltage).

g, In order to attain a mOre stable gutput
frequency, the ﬁgure 48-2 circuit could be
slightly modified and' the frequency con-
trolled by applying a negative trigger to
the (emitter) (Base 2) element,

CONFIRM YOUR- ANSWERS.

C. Turn to Student Text, Volume VI, .and
study paragraphs 6-23 through 6-37. Return
to this page and answer the following state-
ments/questions.

'For questions 1 th.rough 9 refer to figure
48-3 and figure 48- 4 as necessary. ’

1. Before the input gate is applied to tke
transistor sawtooth’ generator (figure 48-3),
Q1 is blased near (cutoff) (saturation). After
the input is applied, the (positive) (negative)
going portion of the input gate (saturates)
(cuts off) Ql, and Cl1 starts to charge.

2. _' When the input gate goes (positive)
(negative), Q1 is again (saturated) (cut off),
and C? begins to discharge.




3y

Figure 48-3

3. The output frequency is controiled by
the (input signal) (size of Cl1 and R2).
4, Frequency of the output from the figure
48-3 sawtooth generator is Hz.

5. Using the formula:

E _ -E
Cmax Cmi
%charga-v £

cc Cmin

D < 100

and information from figures 48-3 and 48-4,
calculate the percentaze of Vi that Cl is
allowed to charge.

% charge = %

6. The sawtooth output from figure 48-3
is (linear) {nonlinear); increasing the width
of the positive going input gate (TO to T1)
would {improve) (impair} the linearity.

1
I
} N
! - |
! N
N S —— G ———
~zov —! = %

?. The output linearity from the figure
48-3 sawtooth generator could be improved
by .
a. replacing Cl with a larger capacitor.
L. replacing R2 with a larger resistor.

c. decreasing the width of input gate
from TO to T1.

d. all of the above.
8. An oscilloscope connacted from collector
to ground displays zero volts. The input
gate is normal. A possibie trouble is

a. Rl open.

b. Q1 open.

c. R2 shorted.’

d. C1 shorted.
9. Given the information in figures 48-3
and 48-4, if the positive input gate is
removed, a multimeter connected from the
collector to ground would indicate
approximataly
. a. 0 voits,

b, ~4£.25 velts.

c. ~2.D9 volts.

vd. ~20 volts.




CONFIRM YOUR ANSWERS .

D. Turn to Laboratory Exercise 48-1. This
exercise will enable you to prove the prin.
ciples of unijunction and transistor sawtooth
generators. Too, you will continue to
practice the use of the oscilloscope and
multimeter as an aid to circuit checking
and troubleshoocting. '

YOU MAY STUDY ANOTHER RESOURCE
CR TAKE THE MODULE SELF-CHECK.

LABORATORY EXERCISE 48-1

OBJECTIVES:

1. Given a trainer having a semiconductor
sawtooth generator circuit, multimeter and
oscilloscope, measure the output amplitude
and rise time within +10 percent accuracy.

2. Given a tralner with a malfunctioning
sawtooth generator circuit, a schematic dia-
gram, multimeter, and oscilloscope,
determine the faulty component two out of
three times.

EQUIPMENT:

1. Sweep Generator Tralner (DD5932)

2. Oscilloscope

3. Multimeter

4. Transistor

. Circuit Power
(DD4885) _

Supply

REFERENCE:

Student Text, Volume 6, paragraphs 6-1
through 6-29

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND
RINGS.

PROCEDURES:
1. Equipment preparation

a. Oscilloscope

Controls Poaition

POWER ON

CH1 Vertical Pos. ON

CH2 Vertical Pos. ON

CHOP-ALT ALT

SEPARATE - SEPARATE
-CH1 & CH2

AC-GND-DC DC

AC-GND-DC DC

VOLTS/CM CH1 2 CAL (change
as required)

2 CAL {change
as required)

0.5 mS Cal

VOLTS/CM CH2

TIME/CM

g

TRIG SELECT
LEVEL

PULL X10 MAG

FOCUS &
INTENSITY

Tralner

(1) S1 to R11
(2) 82 to CS

(3) saup

R76

EXT +
AUTO
Pusgh in {normal)
Adjust for clear
presentation

MNOTE: You WILL NOT, at any time, open
the hinged panel on the back of the tralner.




Figure 48-5

c. Interconnections

(1) Connect power supply to trainer

‘with power cable.

{2) Ground oscilloscope to0 trainer at
TP13.

(3) Connect EXT TRIG input to TPS.
d. Power Supply

(1) ON/OFF
Switch ON

(2) VOLTS ADJ Adjust for 25 volts (use
built in meter).

2. Trainer Analysis (see fig. 48~5)

Q1, and its associated components
comprigse a unijunction trigger generator.
The trigger from Bl of the unijunctica
transistor is used to Key a monostable
multivibrator {(Q2 and Q3). The square wave
output from the monostable multivibrator is
uged for gating the transisic: -sawicsih
generator (Q4) on and off, Various combina-
tions of resistance and capacitance can be

switched into the circuit to illustrate the
effect that the changing of these values have
on circuit linearity, rise.time {electrical
length), and amplitude (physical length). Pro-
visions are 2lso made for simple
troubleshcoting.

3. Actvity

NOTE: For this project, the oscilloscope
is used for measuring DC voltages. There~
fore, it is recommended that you review Lab
Project 20-3 (Module 20) before continuing.

a. Establish 0 volts DC reference for CH1
on second line from top of oscilloscope.
Establish 0 volts DC reference for CH2
on hottom line of oscilloscope.

b. Connect CH1 probe to TP3. Determine
the amplitude of the signal and record

L=t Tab
below,

TP3 volts pk.




22|

p T
20
(TRIGGER .
tP-3 19
VOLTS + 10
AMPLITUDE 5 \
0
0 1.0 30 40 50
TEAE MILLISECONDS
? B
{GATE} 1.5
TP-10
VOLTS +
AMPLITUDE s
r .
0 10 20 30 40 50

TIME MILLISECONDS

20
TRANSISTOR

SAWTOITH 135
TP, 4

VOLTS +

AMPLITUDE

o bn &

0 10

¢. Draw the sigﬁal appearing at TP2 on
figure 48-6A. ' . )

d. Leaving CHiI probe in TP3, conunect
CH2 probe to TPiO0. Draw the signal appear-
ing at TP10 on figure 48-6B,

‘e. Move CH2 probe to TPii; draw this
signal on figure 48-6C.,

1. Underline the-correct response to the
following statements:

(1) The PRT of the output signal from
the transistor sawtooth generator (TP11)
is (longer than) (shorter than) {the same as)
the PRT of the unijunction trigger generator
(TP3).

(2) The rise yime of the transistor
sawtooth signal is determined by the width

20
TIME MILLISECONDS

6

3p 49 50

Figure 48-6

of the (positive going) (negative going) gate
at TPiO.

{(3) In order for a sawiooth signal to
be developed at TPii, Q4 must be (gsaturated)
{eu* off) by the incoming signal, allowing
CS5 to (charge) (discharge) through (Ril)
(Q4).

(4) The agsignal at TPil is (Lnear)
{(nonlinear) because the capacitor charged
to (more) (less) than 10 percent of Vi

(3} The time constant of C5 and Ril
iz {(long) (short) ecansing C5 to charge
(rapidly) (siowly) during the time Q4 s cut off.

g. Refer to figure 48~6 and determine
the value of the following sawtooth terms.

278



{1) Rise time or
Sweep time —_—ms

(2) Amplitude volts
{3) PRT ms

. h, Change Sl to the R10 position, and 52
to the C6 position. Using CH2 probe, measure
the amplitude, PRT, and sweep time of the
signal at TP1l, and record in the Spaces
below. Set Volts/CM CH2 to 5V.

Amplitude volts

PRT milliseconds.

Sweép time

i. Underline the correct response to the
following statements; '

- (1) R10 is (more) (less) than R11, and
C6 is (more)} (less} than C5, causing a
(longer) (shorter) time constant.

(2) The sawtooth signal at TPll is
{linear) (nonlinear) because C8 is charging to
(more) (less) than 10 percent of Voo,

(3} Changing the R time constant caused
(an increase) (a decrease! (no change) in
amplitude.

j. Return Si to R11 and 52 to C3. Consult
your instructor and have him insert trouble
number 1 (59).

k. Leaving CHl probe in TP3, use CH2
probe to recheck the signals at TP10 and
TP11. Compare the signals observed to
those recorded in figure 48-6. Underlinc
the correct response to the following
statements. oL

(1) The signal appearing at (TP10)
(TP11) shows very little change, while the
voltage at (TPl0) (TPil) has /‘ncreased)
(decreased) greatly.

{2) These values indicate that

Q4 is shorted.

— (b} @4 1is open.

——— {c) R1l is open.
(d) 5 is shorted.

— (a)

milliseconds.

BR2-

1. Consuit your instruétor, and have him
remove trouble number one and insert trouble
number 2 (S11).

m. Leaving CH1 probe in TP3, use CH?
probe to recheck the signals at TP10 and
TPll. Compare the signals to those re-
corded in figure 4A-6. Underline the correct
response to the following statements. Reset
5 d2 Volts/CM switch as required.

(1) The signal appearing at (TP10)
(TP11) shows very little change, while the
voltage at (TP10) (TPll) has (increased)
(decreased) to (0 volts) (nearly V).

{2) These values indicate that

(a) Q4 is open.
~—— (b) RI11 is shorted.
2 (c} C9is open.

(d) CS5 is shorted.

n. Consult your instructor and have him
remove trouble number two and ingert trouble
number three (S8).

0. Leave CHI connected to TP3 and use CH2
to recheck the signals at TPI0 and TPI11.

0

' Reset CH2 VOLTS/CM switch as reguired.

Compare the signals with those recorded on
figure 48-8. Complete the following stztements:

(1) The signal appearing at (TP10)
(TP11) decreased to zero and the voltage
at (TP10) (TPl1) increased greatly.

(2) These valuse indicate that

(a) Q4 is open
—— {b) C5 i5 shorted

(c) RI11 is open

(d) Q3 is shorted

p. Summary: Underline the correct
response “¢ the following statements.

(1) The (negative) (positive}going output
from Q3 causes Q4 to cut off,

(2) During the time that Q4is (saturated)
(cut off), C5 charges through R11.

(3) The length of time that C$ is allowed
to charge is determined by the (amplitude)
(width) of the input gate.




{4) Increasing the width of the input
gate would cause electrical length and
physical length ‘o (increase) (decrease),
and linearity to be (improved) (impaired).

(5) The amplitude of the transistor saw-
tooth waa lincreasec; {(decreased) when the
values of resistance and capacitance were
decreased, becauze the capacitor charged
{more) (less) while Q4 was {cut oﬁ)
(saturated).c

(6} Decreasing the values of resintance
and capacitance associated with the tran-
sigtor sawtooth generator caused linearity
to be (improved) (ipaired), becauss the RC
time constant was (increased) (decreased)
allowing the capacitor to charge to (more)
{legs) than 10 percent of Voo

(7) An open collector load cauges the
voltage across the transistor to be equal to
(Veoe) (0 volts).

(8) Shorting the capacitor associated
with a transistor sawtooth generator cauges
the output voltage to be equal to (Voo)
{0 volts).

CONFIRM YOUR RESPONSES ON THE BACK
PAGES.

CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.

MODULE SELF-CHECK
Quesiions 1 through 14 refer to figure 48-7.

tamv

OUTPUT

r

Bl

)m

Match the following terras (phrases) to
the letters in figure 48-7B.

Letters on
Figure 48-7B

AtoB

Terms

Sawtooth a.
Amplitude
b. CtoD
Peak
G
Fall Time
H

T
Valley

Physical
Length

Cl Discharge Time
Slope
Rise Time

Electrical Length

11. The circuit in figure 48-7A is correctly

identified as a
generator.

12. C1 is {(charging) (discharging) while the
emitter to Bl Junction is reverse biased,
and is (charging) (discharging) when the
emitter to Bl junction becomes forward
biased.

I [h
| clo H

71 1 T . 1 1T T T 3
25 S0 75 100 125 150 175 200 225 250
MICROSECONDS

REP4-1481

Figure 48-7
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(Given: The sawtooth wave shown infigure 18. Amplitude of th~ sawtooth signal i3
48-7 is the output from the circuit.) {500 microseconds) (1./5 volts) and the
rige time ls (500 microseconds) (1.75 volts).

13. The circoit is preducing a (Hnear) (non.

linear) sawicoth, because the capacitor

charges to (more than) (less than) 10percent - 17. Decreasing the width of the positive
of the applied voltage. going input gate will cause;

14. A method of improving llnearity of the a. physical length to increase.
sawtooth output is to return R1 to a (higher) _
(lower) positive voltage than is applled tn B2, b. electrical length to increase.

. ) a decrease in linearity.
Questions 15 through 17 refer to figure
48-8, . . an improvement in linearity.

(Given: Figure 48-8B represents the output
signal from the circuit.}

15. A sawtooth output signal is produced CONFIRM YOUR AMSWERS.
when the (positive) (negative) going input
gate causes Q1 to (cut off) (saturate).

L ]

i 700 Y5 ——————f]|

— o —

h—————— 500 ys——---‘-if?

foter sty e B

QUTPUT

-
o

—4.25Y _—l

Figure 48-8




ANSWERS TO A: ANSWERS TO C:

1. 10 perceat
saturation, positive, cuts off
2. (1} e

(2) b . negative, saturated

(3) d
input signal
{4) ¢

5) b . 1,428 H=z

(6) a
10 percent
(7 a '

linear, impair

If you missed ANY questions, Teview the
material before you centinue.

ANSWERS TO B:

emnitter

C,B

If you missed ANY questions, review the

R1,
Ql material before yeu continue.

high, reverse

wdgher

40 Hz

nonlinear, more

ANSWERS TO LABORATORY EXERCISE:

R1 and C), applied voltage

Base 2

If you missed ANY questions, review the b. TP3 1.7 volts pk.
material before you continue. :




(1)
(2)
(3)
4

the same as

iong, slowly

o
ad

(TRIGGER)

2
2
P-3 |
|

VOLTS +
AMPLITUDE

D
3
D
5

/

0
0

2.0

1.0 20

30

40 5D

TIME MILLISECONDS

GATE} 15
P-10

VOLTS + 10
AMPLITUDE 5
R

20
TRANSISTOR } g

SAWTOOTH
P-11 1
VOLTS +
AMPLITUBE

J:m

-

10 2.0

30

40 58

TIME HILLISECONDS

i

-~ l

i

1.3, negative going
cut off, charge, R11

linear, less

Rise time -~ 1.3 ms
Electrical length ~ 1.3 ms h
Physical length - 0.6 volt DC

PRT - 2.25 mus

Amplifuds ~ 12 volts pk

PIT - 2.25 ms

Swaen tir.e - 1.3 ms

1.0 20

3.0

40§D

TIME MILLISECONDS

Figure 48-

6

o (1)
(@)
@)

1)

o

less, less, shorter

nonlinear, more

an increase

TP10, TP11, increased

(b) Q4 is open.

TP16S TP, decreased, 0 volts.

{d) C5 is shorted.

TP10, TP11

.(d) Q3 is shorted.




v

i
pia lﬁl) negative
LY

(2} cut off

(3) width

(4) increase, impalred

(5) increased, more, cut off

{6} impalred, decreased, more

(7) 0 volts

(8) 0 volts

If your response to ANY of the statements
is wrong, or if ANY of your measurements
are more than 10 percent different. go back
and repeat that portion of the project. If
necessary, review the referenced text
material for clarification. Your instructor
will assist if needed.

ANSWERS TO 1IODULE SELF-CHECK:

unijunction sawtooth

charging, discharging

nonlinear, more than

higher

15. nositive, cut off

1. 1.75 volts, 500 microseconds

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW .THE MATERIaL UNTIL YOU
CAN ANSWER ALL QUESTIONS COR-
RECTLY. W YOU HAVE, CONSULT
YOUR INSTRUCTOR FOR FURTHER'
INSTRUC TIONS. :

<84
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ELECTRONIC PRINCIPLES -

MODULE 49 s

This Guidance Package i3 designed to guide you through this module of the Elec’romc
Principles Course. This Guidance Package contains-specific information, including referenczs
to other resources you may study, enabling you to satisfy the learning objectives.

L]

CONTENTS
TITLE PAGE
Qverview i -
List of Resources i
Adjunct Guide 1
Laboratory Exercise 3 *
Module Self-Check 8
Answers, 10
OVERVJIE:'“'r b. Given a trainer having a semiconductor

1. ' SCOPE: There
ference in the Trapezoidal Generator and

the Sawtooth Generator you have just finished. -

The trapezoidal wave is required for linear
deflection of the electron beam ofa.nelectro-
magnetic cathode ray tube. Yoy will learn
how this type of signal is generated, the
actions that can be taken to ensure a linear
output signal, and basic troubieshooting

techniques. The laboratory exercise will
reinforce the theories discussed.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. Given' the schematic diagram of a
trapezoidal wave generator and a list of
statements, selectthe statement thatdescribes
the: effects on output linearity when time
constants, applied voltage,. and 1nput gate
duration are changed.

Supersedes KEP-GP-49, 1 May 1974, Present supplies will be used.

is  very little dif-~

'trapezolda."l wave generator circuit, multi-

meter, and oscﬂlbsoope measure the output
amplitude, rise time, and jumpvoltage within
+10 percent accuracy. '

;:‘ Given a trainer with a malfunctioning
trapezoidal wave generator circuit, a sche-

.matic diagram, multimeter, and oscilloscope,

determine the faulty cornponent two out of
three times. -

_ LIST OF RESOURCES™
To satisfy the."objectlves of this module,

you may choose, according to your training, .

experience, and preferences, any or all of
the following; - °

READING MATERIALS:

Digest )
Programmed Text oo
Adjunct Guide with Student Text VI

LABORATORY EXERCISE:

Laboratory Exercise 49-1, Sold State
Trapezoidal Generator., T

+

e
b

()
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AT THIS POINT, 1IF .YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU . ARE FAMILIAR WITH,

THIS SUBJECT, YOU MAY TAKE THE

MODULE SELF-CHECK.
CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.
ADJUNCT GUIDE
INSTRUCTIONS:
Study the referenced materials as directed.

Return. to  this guide and answer
the questions. o

Check your answers against the
answeras at the back-of this Guidance Package.

Contact your instructor if you experience
any difficulty.
=

Begin the Program.

A. Turn to Student Text, Volume V1, and
study paragraphs 6-38 through 6-57. Return
to .this page and respond to the following
statements/questions.

-
e«

QUTPUT
TRAPEZOID 3

%

330

1. A trapezoidal voltage waveformn is re-
quired for the deflection (coils)(plates)of a
cathode ray tube employing (electrostatic)
{electromagnetic) fields to position the
electron.beam.

2. Given the information on figure 49-1,
match the terms in column “A’’ to the infor-
mation in column “B’’.

A T B
(1} °RT. TO to T1
{2) Amplitude _, T1 to T2

Electrical

Length — TO to T3

Jump
Voltage

Physical
Length

Linear
Slope

Fall Time o

Sweep Time

] ] 1 1
g0c 1000 1200 1400 1400 JRO0 2000 2200 2400 400 2800

MCROSECONDS

'y

Figure 49-1. Trapezoidal Wave




REP4-1531

Figure 48=2. Trapezoidal Generator

For questions 3 through 10 refer to ﬁgures
49-1 and 49-2.

3. At TO of the input gate Ql goeas {from
{saturation) {(cutoff) to {saturation) {cutoff);
the (sawtooth) (jump) voltage appears at
the output, and C2 begins to (charge)
(discharge).

4, The electricai length of the output from
the circuit is determined by the (width of
the negative going input gate) (width of the
positive going input gate) (values of R2,
R3, and C2).

5. Amplltude of the jump voltage is deter-
mined by the

a. value of R3 only.
b. value of R2 only. -
c. value of V__ only.

CcC

— . d. relative value of R2 and RS,
and. the amount of VC'C’

6. Outpﬁt fréquency is determined by the
(input signal) {values of C2 and R3).

7. Output linearity could be improved by

a. decreasing the value of C2.
—— b, decreasing the width of the nega-
tive geing input gate.

ki

¢, decreasing the value of R2.

d. decreasing VCC .

8. An osacilioscope connected between coi
lector and ground indicates a straight llne
very nearly equal t0 zero volts. A possible
cause is

R1 open.

R3 open.

C1 open.
C2 open.
9. An oscilloscope connected between col-
lector and ground displays asquare wave that

is 180 degrees out of phase with the input
gate. A possible cause of this malfunction is-..

a. R3 open.

b. R3 shorted.

c. R1 open.

do Rl 8!103 cEd.
10, Increasing the widthofthe negative going
portion of the input.mignal would cause the
-amplitude of the trapezoidal wave to {increase)

(decrease), and the slope linearity would be
(improved) {iropaired).




CONFIRM YOUR ANSWERS.

B. Turn to Laboratory Exercise 49-1. This
project will allow you t0 prove most of the
principles you have learned about trapezoidal
sweep genhérators. Also, you will continue
adding to your kmowledge of the oscilloscope
and multimeter used in locating faulty circuit
components,

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.

LABORATORY EXERCISE 49-1

OBJECTIVES:

1. Given a trainer baving a semiconductor
trapezoidal wave generator circuit, multi-
meter, and oscilloscope, measure the output
amplitude, rise time, and jump voltage within
+10 percent accuracy.

9. Given a trainer with a malfunctionig
trapezoidal wave generator circuit, a sche-
matic diagram, multimeter, and oscilloscoPe,
_ determine the faulty component two out of
three times.

EQUIPMENT:

Sweep Generator Trainer (DD~5832)
Oscilloacope )
rransistor Power Supply (DD-4885)
Multimeter

REFERENCE:

Student Text, Volume[y, paragraphs 6-44
thru 6- 57,

CAUTION: OBSERVE BOTH PER-
SONNEL AND EQUIPMENT SAFETY
RULES AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURES:

1. Traiper Analysis

232

For this project, the trainer will be the
same as for Lab Project 48-1, except that
§-4 iz opened, changing the trainer from a

Sawtooth
Generator.

2. Equipment Preparation

a. Oscilloscope
Controls

(1} Powsr
(2) MODE

{(3) VOLTS/DIV

{4) POLARITY

(5) TIME/DIV

(6) TRIGGER
SELECTOR

0. Interconnections

Generator

a Trapezoidal

ON
Alternate

“*A’" Channel
.5 Calibrated
{(change as
required)

«pB" Channel
1 Calibrated
(change as
required)

Normal, pc (both
channels)

.5 mSec, cali-

brated (change as
required)

Auto, Ext, +

1. Ground Oscilloscope to trainer at

TP18.

9. Connect Trigger inputof Oscilloscope

to TPL.

3. Connect Power Supply to trainer.




¢. Trainer

(NOTE: You WILL NOT, at any time,
open the hinged panel on back of the
trainer).

1y 81 to R11.
(2) S2to C5.
{3) S3 to R12.
{4} 54 Down
d. Transistor Power Supply
(1) ON/OFF Switch - ON

(2) Adjust voltage to 25 wolts. (Use
built-in meter).

Consult your instructor and let him ensure
that the trainer js in its normal operating
condition.

3. Activity

{(NOTE: The oscilloscope will be used
for measuring DC voltage in this project.
It is recormmended that you review Lab
Project 20~3, Module 20, before continuing.)

333

a. Establish 0 volts DC reference for
“A'" channel on the second line from the
top of the oscilloscope, and 0 volts
DC reference for “B’’ channel gp the bottom
line of the oscilloscope.

b. Connect “A’’ channel probe to TP10,
and ‘“B"’ channel probe to TP11. Read the
following values, and record them in the space
provided.

Amplitude TP10

Dbulse Width
{Neg.) TP 10

Rest Time
(Pos.) TP10

volts pk.

millizeconds.

milliseconds.

Pulse Recurrent Time
(PRT) TP10

Amplitude TP11

Jump Voltage
TPl11 volts.

Rise Time TP 11 milliseconds.
PRT TP11

milliseconds.

volts pk.

millise conds.

TP-10

INPUT

GATE

VOLTS +
AMPLITUDE

TP-1

TRAPEZOID

SIGNAL
VOLTS +

AMPLITUDE

40 S0

60 70 80 n 12 13

TIME MILLISECONDS

REP4-1532

Graph 1

£




c. Draw the signalf appearing at TP-10
and TPp-i1 on grapis provided. (NOTE:
Start the positive going signal of TP-10
on the 1 msec line of Graph 1.)

d, Underline the correct response to the
following statements:

{1) 1n order for a trapezoidal wave
to be produced at TP11, Q4 must be {cutoff,
saturated) by the (negative, positive) going
signal from Q3.

{2) The jump voltage which changes the
circuit from a sawtooth wave generator to a
trapezoidal wave generator was caused by
adding R12 in (series, parallel) with C5
and R11.

e. Change S3 to the R13 position. Read
the amplifude of the jumop voltage and slope
time at TP11 and record in the space below.
Underline the correct response to the state-
ments which follow.

Jump Voltage volts

Slope Time milliseconds.

(1) The jump voltage amplitude

(increased, decreased)because R13is(larger,
smaller) than R12.

23¢

(2) The slope time
decreased, did not change}.

(increased,

f. Change 82 to the (86 position. Read
the amplitude of the signal and slope time
at TPll, and record in the space below.
Underline the correct response o the state-
ments which follow.

Amplitude volts.

Slope Time milliseconds.

(1) The signal amplitude ({increased,
decreased, did not change).

(2) The slope time
decreased, did not change).

{increased,

(3) Linearity was (improved, impaired)
because C6 is smaller than C5, and charged
to {more, less) than 10% of VCC’

g. Change 52 to the C5 position and S3
to the R12 position. Consule your instructor
and ask him to insert trouble number 1}
(8-12).




h, Leave ‘A" channel probe in TP10.
Using ¢‘B'’ channel probe, check the ampli-
tude of the signal at TP1l. Record the ampli-
tude of both signals in the following spaces.
Draw the signals on Graph 2.

Amplitude TP10
Amplitude TP11

volts.
volts.

i. Turn the transistor power supply ON/
OFF switch to the OFF position. Using the
ohmmeter, check the reaistance between TP12
and ground. Record the results.

Resistance TP12 Ohms.

TP-10 1.0

j. Remove the ohmmeter., Turn the
Transistor. Power Supply ON/OFF switch
to the ON position. Underline the correct
response to the following statements:

(1) Q4 is now acting as a (sawtooth
generator, trapezoidal generator, common
emitter amplifier}.

(2) All of the symptoms noted above
could be caused by

{a} R12 shorted.
(b) R12 open.
{c) Q4 open.

(d) Q4 shorted,

INPUT
GATE
VOLTS +

AMPLITUDE 0.4

0.2

0

¢ 290 03 40 S0

60 70 &0 %0 10 N 12

TIME MILLISECONDS

TP-11

OUTPUT
SIGNAL

VOLTS +

AYPLITUDE

16 290 390 49 5.0

THME MLLISECONDS

60 70 80 30 10 n 12 13
REP4-1533

Graph 2




k. Consult your instructor and ask himto
remove trouble number 1 and insert trouble
number 2 (5-8).

1.  Observing the oscilloscope presenta~
tions, (TP10) on ‘‘A’* channel and TPll on
“B'' channel) underline the correct response
to the following statements:

(1) The amplitude of the signal at
TP10 has (increased, decreased to 0), and the
voltage at TPll is n (trapezoidal wave,
DC voltage).

(2} These symptoms could be caused
by R9 (open, shorted) or Q3 (open, shorted).

m. Consult your instructor and ask him
to remove all malfunctions irom the trainer.

. n, Summary: Underline the correct
response to the following statements:

(1) The jump voltage of atrapezoidal
wave generator occurs at the first instant
the transistor is {cutoff, saturated).

336

(NOTE: Refer to the schematic diagram
on the trainer while responding *o the
following statesnents.)

(2) The amplitude of the jump voltage
can be increased by increasing (R12, R1l)
or decreasing (R12, R11).

(3) Decreasing the capacitance of
C5 causes the physical length of the output
signal to (increase, decrease) and linearity
to be (imyproved, impaired).

(4) Shorting Q3 (does, does not)disable
the trapezoidal generator, because Q4 (does,
does not) require an input gate in order to
furnish the desired output.

(5) oOpening R12 causes a/an
{increase, decrease} in the voltage measured
at TPll, and the resistance from TP12
to ground (increases, decreases) to (infinity,
0 Ohms).

CONFIRM YOUR RESPONSES ON THE
BACK PAGES.
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Figure 49-4

MODULE SELF~-CHECK

Questicns 1 thru 6 refer to figures 49-3
and 49-4.

Given: The waveshapes on figure 4%-4
represent the input to (Square wave) and
output from (trapezoidal wave) the circuit
in figure 49-3.

1. At TO, the negative going gate causes
Q1 to (saturate, cutoff) and the (jump, slope}
voltage occurs.,

2. The amplitude of the jum® voltage is
approximately (1/2, 5) volts, and the ampli-
tude of the trapezoidal wave is (1/2, §)
volts.

3. The siope time (electrical length) of the

trapezoidal wave is (1, 2) milliseconds, and
the signal PRT is (1, 2} millisecond.

254 .




4. Amplitude of the jump voltage is deter-
mined by the:

—— 3a. input gate width.
b, input gate frequency.
—_—— . ¢. value of C2 and R3,

d. value of R2, R3, and VCC‘

5. Fall time of the trapezoidal wave is
(greater, less) than the electrical length
because the discharging of C2 through (Q1

33’ N

and R3, R2 and R3) takes less time than
the charging of C2 through (Ql and RJ,
R2 and R3).

6. Increasing the gate width of the input
signal would cause the electrical lengthofthe
output signal to (increase, decrease), the
physical lengthto(increase, decrease), and the
slope linearity to be (improved, impaired).

CONFIRM YOUR ANSWERS ON THE BACK
PAGES.




ANSWERS TO A - ADJUNCT GUIDE:

(1) ¢

d

b
c
a

-

-

input signal

1

coils, electromagnetic

3 a (4) d (5) f (6) e VI )

saturation, cutoff, jump, charge
width of the negative going input gate

10. increase, impaired.

I you missed ANY questions, review the material before you continue.

(8) a

ANSWERS TO LABORATORY EXERCISE 49-1

3b. Amplitude TP10 .6
Pulse Width (Neg) TP10
Rest Time (Pos) TP10 .9
PRT TP10

2.2

Amplitude TP11

Jump Voltage TP11 1.8
Rise Time TP11
PRT TP11

3c.

22

.6 volts pk

1.3 milliseconds.

~9_  milliseconds.
milliseconds.
_2  volts pk.
1.6 volts,
1.3 milliseconds.

milliseconds.

+

TP-10 2
INPUT 0.8

GATE

voLTs + O

AMPLITUDE ¢4

10

20 30 40 58 65 70 80 %0 10
TIMNE MILLISECONDS

11

12 1

9
8
7

™11
TRAPEZOID

SIGNAL

VOLTS + 5

AMPLITUDE 4.0

10

2

1

ol
0

70 30 40 50 68 70 80 90 10
TIME MILLISECONOS

Graph 1

Yy FRY
10 59?_}

n

1213

REP4~153¢
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3d. (1) Cutoff, negative (2} series

de. Jump Voltage 4. volts. Slope Time 1.3 milliseconds.

3e (1) increased, large (2) increased (3) did not change

3f Amplitude 6.4  volts Slope Time 1.3 milliseconds.
3f (1) increased {2) did not change (3} impaired, more
3b  Amplitude TP1I0 .6  volts. Amplitude TP11 16 volts.

TP-10 1.0
INPUT
GATE 6I
vOL7S + E
AMPLITUDE

1.0 20 30 40 50 60 7.0 80 90 10 n 12
TIME MILLISECONDS

TP-11
OUTPUT
SIGNAL
VOLTS +
AMPLITUDE

10 20 30 4.0 5.0 6.0 7.0 8.0 0 10 11 12 13
TIME MILL1SECONDS REP4-1533

Graph 2
3i Resistance RP12 Infinite ohms.

3j (1) Common Emitter Amplifier. (2} () Open R12




31 (1) decreased to 0, DC voltage (2} open, shorted

3n (1) cutoff (2) Rm12, RI11 (3) increase, impaired (4) does, does
{5} increase, increases, infinity

If your response to ANY of the statements 18 wrong, or if ANY of your measurements
are more than 10% different, go back and repeat that portion of the project. If necessary,
review the referenced text material for clarification. Your instructor will assist if
needed.

CONSULT YOUR INSTRUCTOR FOR THE PROGRESS CHECK.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

ANSWERS TO MODULE SELF-CHECK,
cutoff, jump
1/2, 5
1,2
d. value of R2, R3, and VCC'
less, Q1 and R3, R2 and R3,

increase, increase, impaired

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE.
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PROGRAMMED TEXT

SOLID STATE TRAPEZOIDAL WAVEFORM GENERATORS

INSTRUCTIONS:

This text is made so that you will go
through it step by step. Each frame, or
step, will teach you a small bit of infor-
mation. Ansvers for the questions for each
frame are printed at the back of the text
(in blocks).

Read the information and respond as you
are directed. Turn to the back of the text
and check your work. Do not proceed until
you have responded correctly. If you need
aid, see your instructor.

OBJECTIVES:
Solid State Trapezoidal Generators

a, Given the schematic diagram of a
trapezoidal wave generator and a list
of statements, select the statement
that describes the effects on output
linearity when time constants, applied
voltage, and input gate duration are
changed.

Given a trainer having a semicon-
ductor trapezoidal wave generator cir~
cuit, multimeter, and oscilloscope,
measure the output amplitude, rise
time, and jump voltage within + 10
percent accuracy.

Given a trainer with a malfunctioning
trapezoidal wave generator circuit,
a schematic diagram, multimeter, and
oscilloscope, determine the faulty
component two out of three times.

1. INTRODUCTION

Linearity, physical length, and electrical.-

length in trapezoidal waveforms are changed
by the same things as in the sawtooth gene-
rator we talked about in the last module.

Linearity can be changed by two things:
gate length, and the RC time constant.
The simple proportion we used hefore can be
used_ here. This is: I..iru?.'a.rity:—-——gat‘:tlf‘;rl gth"
You can see that linearity will increase
if either R or C or both are increased.
Also, linearity will decrease if either R
or C, or both, are decreased. Linearity is
inversely related to gate length, so if gate
length is increased, linearity will decrease.
The reverse is also true, that is, if gate
length is decreased linearity will increase.

Physical length is also affected by changes
in the RC time constant, gate length, or
Vee. U Ve is increased, the capacitor
will charge to a higher value but the per-
centage of charge will not change. This
means that linearity can not chzange but
physical length will increase. This is so
because physical length is the voltage to
which the capacitor charges. So remember,
if V¢ increases, physical length increases.

Electrica' ength is affected only by gate
length. In fact, electrical length and gate
length are always the same, This means that
if gate length increases, electrical length
increases.

Most oscilloscopes use electrostatic deflec-
tion. A sawtooth of voltage applied to the
horizontal deflection plates will cause the
electron beam t0 move. The beam will move
horizontally. The CRTs in most TV and radar
sets use an electromagnetic deflection system.
Current flow in a coil around the neck of the
CRT will cause the electron beam t0 move.
A linear change of current will causea linear
movement of the beam. A sawtooth voltage
wave applied to the deflection coils will not
cause a linear change of current. A
TRAPEZOIDAI, voltage wave will cause a
linear change of current in a deflection
coil.
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2. CHARACTERISTICS OF ATRAPEZ20IDAL
WAVE

Look at figure 1. 1t is a trapezoidal
voltage waveform. 1t is the same as a saw-
tooth except for one thing; note the jump
in voltage at time TO. This jump in voltage
compelsates for the DC resistance o the coil.
The jump or step is followed by a linear
rise of wvoltage to the peak. The time
(measured in microseconds, milliseconds
or seconds) from TO to T1 is the electrical
length. The fall time is the time for the
voltage to drop from peak to zero (Tl to
T2). The voltage amplitude at the peak point
of the waveshape is referred to as the physi-
cal length. 1t is called the physical length
because it is this amplitude which determines
the physical movement of the electron beam
on the CRT. The higher the amplitude, the
greater the physical movement of the beam.
The PRT is from TO to T3 and the fre-
quency of the wave is 1/ PRT. The slope, as
in a sawtooth wave, is part of the charge
curve of a capacitor. The trapezoidal wave
may be thought of as a sawtooth on top of
a rectangular wave.

The jump voltage is required to overcome
the internal resistance of a deflection coil.
The coil resistance drops a voltage. The cur-
rent through the resistance of the coilis pro-
portional to the voltage drop across the
resistance. A deflection coil and its resist-
ance form a series RL circuit as shown in
figure 2A. 1f you applied a square or
rectangular wave of voltage across a coil
with NO resistance the current rise would
be linear.

However, all coils have resistance, and the
result of applying a square wave to the coil
in figure 24 is showninfigure 2B, At the first
instant (T0), the coil acts as an open and
drops all of the voltage. Current starts to
flow and a voltage is developed across the
resistance. As time passes, the voltage across
the resistance increases and the voltage
across the coil decreases. Note that ER and
Ej, add up to E, at all times. ER, IR, and
1;, all follow the same curve, as shown in
figure 2B. Notice the lack of linearity.

Figure 2C shows what happens whep a
trapezoidal voltage is applied to the coil.
At TO the jump voltage appears across the
coil. Ep and lg are zero at this point.
Current now begins to flow and a voltage
develops across R. As Ej, increases, ER
and 1 increase AT THE SAME RATE. This
keeps a constant voltage across the coil
{Ey) and a linear rise of current takes

place (Ip).

QUICK QuU17Z 1:

1, Television and radar CRTs use an

deflection system.

2. A sawtooth voltage applied to deflection
coils will cause a linear increase of current.
TRUE/FALSE.

3. A trapezoidal voltage waveform has the
same characteristics as a sawtooth except

for the

4, Current through a deflection coil is
proportional to the voltage’

a. across the coil.

b. across the coil resistance,

applied across the coil and its
resistance.

5. A trapezoidal voltage waveform applied
to a deflection coil will cause a

increase of current,
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3. TRANSISTOR TRAPEZOIDAL which determines the slope of the output. As
GENERATOR in the sawtooth generator, Ql acts as the
switch., Figure 3B shows the input gate and
A trapezoidal wave generator is shown in the output trapezoid.
fipure 3A. It i3 the same as a sawtooth
generater except for R3, which is called a At time TO (ligure 3B) the negative gate
“*jump’’ resistor. Cl couples the input gate is applied to the base of Q1 and cutsit
to the base of Ql. Rl provides a forward off. Look at the output waveshape. The jump
bias path for Ql. R2 is the coilector load appears at this time. The reason for the
resistor. R2, R3, and C2 form an RC network jump is shown in figure 3C. This is the .
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equivalent circuit at the time Q1 cuts off.
C2 is not shown because the cutoff of Ql i3
a very fast change and C2 acts as a short
to the change. With C2 short, this leaves a
simple geries circuit made up of R2 and R3.
The 50 volts applied divides across the two
registors in proportion to their sgize., R2 is
99 times as large as R3. This means that
99 percent of the voitage (49.5V) will be
across R2 and 1 percent (.5V) across R3,

As the jump ends C2 starts to charge from
ground through C2, R} and R2, toward the
applied 50V, C2 charges for the time the
negative gate lasts, which is 1000 micro-
seconds. The gate ends at time TIl, and Q1
rapidly saturates. This causes C2 to dis-
charge through Ql and R3, As you can see
from figure 3B, it takes about 500 micro-
seconds for C2 to discharge and this is
called the fall ime. At T3 another negative
gate is applied and the process is repeated.

The electrical length is the same length
as the negative gate, or 1000 microseconds.
The PRT js 2000 microseconds, and the fre-
quency is 1/PRT. The time constant R
+ R3 and C2 is 500 x 103 x .02 x 1075 or
10,000 microseconds. To see if the slope is
linear we can use the formula:

TA 1000 x 10°°

$TC = o2 =
500 x 103 x .02 x 10”6

RC

_ 1000 x 107

10,000 x 10-6

=¢l

Since the capacitor only charges for .l time
constant (10%), the slope of the trapezoid
is relatively lincar. The physical length is
also determined by the percentage of charge.
The applied voltage is 50V and 10% of this
is 5V. The physical length is therefore
5 volts.

QUICK QUIZ 2: Refer to figure 3:
1. The trapezoidal generator is the same as
a sawtooth generator except for the ——

resistor.

2, The charge path for C2 is from ground
thru C2, R3 and R2 to 50 volts. TRUE/
FALSE.
3. The discharge path of C2 is from the
negative side through Ql and R3 to the posi-
tive side, TRUE/FALSE.
4, The input PRT is 2000 microseconds.
The output frequency is therefore:

a, 50 Hz

b. 500 Hz

c. 5000 Hz

d, 50,000 Hz

5. At time TO (figure 3B) C2 is short

angd the occurs.

6. If R2 were 490 k ohms and R3 were

10 k¥ ohms, the jump would be V.

7. The fall timmz is the

time of C2.

8. Considering Ql as a switch, at time TO

the awitch and

at T1 it

9, C2 charges when Ql is ON/OFF and
discharges when Q1 is ON/OFF.
10, During the positive alternation of input,

Ql is .
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QUICK QUIZ 3: Refer to figure 4 In the following dquestions, determine
whether physicallength increases, decreases,
In the following questions determine or remains the same for the changes given.
whether linearity increases, decreases, or
remains the same for the changes given. 15. R2 increases

1. R2 increases
16. R3 decreases

4

2. R3 decreases

17. vCC increases

vCC increases
18. C2 decreases

C2 decreases
R2 + R3 increases

R2 + R3 increases

vCC decreases

v decreases
cc C2 increases

C2 increases
gate length increases

gate length increases
R2 decreases

R2 decreases
R3 increases

10. PR3 increases
R2 + R3 decreases

R2 + R3 decreases
gate length decreases

gate length decreases
R2, R3, C2 increases

R2, R3, C2 increases
R2, R3, C2 decreases

R2, R3, C2 decreases
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4. TROUBLESHOOTING PROCEDURE

Troubleshooting the trapezoidal generator
is the same as the sawtooth generator. The
transistor is a common emitter amplifier. As

before, when we speak of output, we mean an
AC signal and not a straight line DC. As
with the sawtooth Eenerator, we will use the
trainer circuit for troubleshooting. This cir-
cuit is shown in f{igure 5. It is, in fact,
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the sawtooth generator with jwmp resistor
R12 added.

TROUBLE:
SYMPTOMS:

No input gate.

No output, no signal at
the base of Q4.

ANALYSIS: With nc gate being
applied to Q4 there can
be no cutput. There are
several things which.
could prevent the signal
from reaching the base
of Q4. One of these is
R9 open. If something
happéns in the pre-
ceeding circuit, no signal
can reach the base of
Q4.

TROUBLE: Q4 open.

SYMPTOMS: No cutput, signal at the
base of Q4 normal, Vo
of Q4= Vee.

ANALYSIS: With Q4 open, ro col-
lector current can flow
80 there is no output and

Ve of Q4 iz at VCE’

however, thebase si
should be normal.

TROUBLE: R11l open.

SYMPTOMS: No ocutput, base signal
normal, Ve of Q4= 0.

There can be no collec-
tor current or voltage
with R11 open so V¢ of
Q4 = 0, This trouble
does not prevent the sig-
nal from being seen at
the base of Q4.

ANALYSIS:

TROUBLE: R12 open.

SYMPTOMS: OQutput is the input gate,
inverted by 180° and
amplified. Resistance
reading from TP-12 to

ground is infinite.

ANALYSIS: If R12 cpens there is no
charge path for C5, This
makes Q4 a commeoen
emitter amplifier. The
output is the input gate,
ioverted and amplified.
The resistance reading
from TP~12 togroundis
infinite because you are
reading acress an open.

QUICK QUIZ 4: Refer to figure 5.

1. There is no cutput but the base signal
is normal and Ve of Q4 equals zero volis.
The trouble is

a. Q4 cpen

b. No input

c. Rll cpen

d. R9 open
2. The output is the input gate, amplified
and inverted. The resistance from TP-12
to ground is infinite. The trouble could be

a. Q3 short

b. R12 open

c. Q4 open

d. RI11 open
3. There isto cutput but the base signal
is nermal. VC of Q4 = VCC'

a. no input

p. R12 open

c. Rll open

d. Q4 open
4. There is no output and no signal at the
base. The trouble could be

a. Q3 short

b. Rll open

c. R12 open

d. Q4 open




SUMMARY QUI1Z:
1. Most television and radar CRTs use an

electrostatic deflection system. TRUE/FALSE

2. A trapezoid voltage waveform has the.

same characteristics as a sawtooth except

for the
3. A trapezoid voltage applied to deflec-
tion coils will cause a linear rise of
VOLTAGE/CURRENT.
4. Current through a deflection coil is
proportional to the voltage

a. across the coil

b. across the coil resistance

c. appled
5. The trapezoidal generator is the same as
the sawtooth generator except for the COL-~
LECTOR LOAD/JUMP resistor.
Refer to figure 3 or 4.
6. If R2 were 480 k ohms 2nd R3were 20 k
ohms, the jump would be V.

7. During the negative alternmation of the

input, Ql is

B. C2 charges when Ql is OFF/ON.
9. The trapezoid is formed when C2
CHARGES/DISCHARGES and while Ql is

OFF/ON.
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10. At time TO, C2 is a short and the
oceurs.

11. The fall time is the charge time of
C2. TRUE/FALSE.

In the following questions determine
whether linearity increases, decreases, or
remains the same for the changes given.
12. R2, R3J, C2 increases
13. gate length decreases
14. R2, R3, C2 decreases
15. R2 + R3 decreases
16. R3 increases
17. R2 decreases
18. gzate length jncreases
19. C2increases
20. Ve decreases
21. R2 + R3 increases
22. C2 decreases
23. Ve increases
24. R3 decreases
25. R2 increases

Refer to figure 5 for questions 26 and 27.

26. There is no outpu’ and no signal at
the base. The trouble may be

a, Q4 open
b, R1 open
c. Q3 short
d. R12 open

27. The output is the input gate, inverted
and amplified. The resistance reading from
TP-12 to ground is infinite. The trouble is

a. R12 open
b. G4 open
c. Rll open
d. R9 open




ANSWERS TO QUICK QUIZ 1:

1.

2‘

[ |

electromagnetic.
False

Jump voliage

b

lingar

ANSWERS TO QUICK QUIZ 2:

10‘

jump

true

true

b

jump

1 volt
discharge
opens, closes
off, o’

saturated

ANSWERS TO QUICK QUIZ 3:

1.

increases
decreases

Temains the same

decreases

increases

remaln the same

11

ANSWERS TO QUICK QUIZ 4:

7. increases
decreases
0. decreases
10. increase
11. decrease
12. increase
13. increase
14, decrease
15. decrease
16. increase
17. increase
18. increase
19. decrease
20. decrease
21. decrease
22, increase
23. increase
24. decrease
25. increase
26. decrease
27. decrease
28. increase
1. ¢
2. b
3. d
4, a
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1. False
jump
current
b
jump
2
off
off
charges, off
jump
False
increases
increases

decreases

ANSWERS TO SUMMARY QUIZ:

decreases

increases

decreases

decreases

increases

no change

increases

decreases

no change

decreases

increases

C

a

WHEN YOU HAVE COMPLETED THIS PRCGRAMMED TEXT, AND CAN ANSWER ALL
QUESTIONS CORRECTLY, PROCEED TO YOUR GUIDANCE PACKAGE, KEP-GP-49, PAGE 9,
AND DO LABORATORY EXERCISE 49-1 ON SOLID STATE TRAFPFZOIDAL GENERATORS.
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Radar Principles Branch
Keesler Air Force Base, Mississippi

ATC GP 3AQR3X020-X
KEP-GP-50
1 September 1975

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MOPULE 50

S0LID STATE LIMITERS AND CLAMPERS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. This Guidance Package contains specific information, including references
to other resources you may study, enabling you to satisfy the learning objectives.

CONTENTS

Title

Overview
List of Resources
Adjunct Guide

Laboratory Exercise 50-1
Laboratory Exercise 50-2

Module Self-Check
Answers

OVERVIEW

1. SCOPE:. Limiter circuits find their
primary applications in waveshaping and
protection. Clampers, on the other hand,
are used primarily to change the reference
point of either the upper or lower limits of
the input signal. Numerous methods are
used in reaching the desired result; how the
result is reached is our goal during this
module of training. You will also learn to
identify output signals with a given input,
and what effect changes in bias have on the
output,

2. OBJECTIVES. Upon completion of this
module .you should be able to satisfy the
following objectives:

a. Given the input waveform to the follow-
ing solid state diode limiters and a group of
output waveforms, select the waveform that
would be present at the output of the named
diode limiter.

(1) Series Positive
(2) Series Negative

Supersedes KEP-GP-50, 1 February 1975.

Page

i
1
1
9

13

17
19

(3) Shunt Negative with bias
(4} Shunt Positive with bias

b. Given sachematic diagrams of biased
diode shunt limiters and a list of statements,
select the statement that describes the effect
on limiting when bias is changed.

c. Given the input waveform to0 a zener
diode limiter, a specified breakdown voltage,
and a growp of output waveforms, select
the waveform that would be present at the

output,

d. Given the schematic diagram of a
transistor limiter and a list of statements,
select the statement that describes the effect
on limiting when bias is changed.

e, Given the input waveform to the fol-
lowing solid state diode clampers and a
group of output waveforms, select the wave-
form that would be present at the output of
the named diode clamper.

(1) Negative with bias
(2) Positive with bias
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. Giver a trainer having a llmiter,
schematic diagram, oscilloscope, and mul-
timeter, determine the effect on llmiting
when bias is changed.

g. Given a trainer having a clamper,
schematic diagram, oscilloscope, and mul-
timeter, determine the effect on the voltage
reference when the bias ig changed.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose according to your training,
experience, and preference, any or all of
the following.

READING MATERIALE:
Digest

Adjunct Guide and Student Text VI

AUDIOVISUALS:

Television Lesson 30-504, Triode

Limiters
30-505,

Television Lesson Duodiode

Limiters (TSTR)

LABORATORY EXERCISES:

Laboratory Exercise 50-1, Solid State
Limiters

Laboratory Exercise 50-2, Sclld State
Clampers

AT THIS POINT, IF YOU FEEL THAT
THROUGH PREVIOUS EXPERIENCE OR
TRAINING YOU ARE FAMILIAR WITH
THIS SUBJECT, YOU MAY TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
NEED HELP.

ADJUNCT GUIDE

INSTRUCTIONS:
.» Study the referenced materialsasdirected.

Return
questions.

to this guide and answer the

Check your answers against the answers
at the back of this Guidance Package.

Contact your instructor if you experience
any difficulty.

Begin the program.

A. Turn to Student Text, Volume VI, and
study paragraphs 7-1 through 7-16. Return
to this page and answer the following
statements/ questions.

1. The two primary purposes cf llmiter
circuits are:

a.

b.

2. A negative limiter removes all or a
portion of the (negative) (positive) half cycle
of the input signal, and a positive limiter
removes all or a portion of the (negative)
(positive) half cycle.

3. The key for identification of a series
limiter is the diode in {series) (parallel)
with the cutput signal.

4., The diode of a series positive limiter
will be (reverse) (forward) biased by the
positive half of an input sine wave.
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5. The diode of a series negative Hmiter
will be (forward) (reverse) biased by the
positive kalf of an input sine wave.

CONFIRM YOUR ANSWERS ON THE
BACK PAGES.

B. Turn to Student Text, Volume VI, and
study paragraphs 7-17 through 7-24. Return
to this page and answer the following
statements/ que stions.

1. The identification key for a shunt diode
limiter is that the diode is in (Series)
{parallel} with the load.

2. The diode of a shunt positive limiter is
(forward) (reverse) biased during the nega-
tive half of an input sine wave.

3. The diode of a shunt negative limiter is
(forward) (reverse} biased during the nega-
tive half of an input sine wave.

CONFIRM YOUR
BACK PAGES.

ANSWERS ON THE

C. Turn to Student Text, Volume VI, and
study paragraphs 7-25 through 7-39. Return
to this page and answer the {following
statements/questions.

1. Refer to figure 50-1. Given circuit
diagrams of solid state limiters with bias
and input signals, match the waveforms in
column B with the circuits in column A.

2. Study figure 50-1 and match the circuit
diagrams in column A with the following
list of limiter types.

a. Double dinde limiter

Negative limiter with positive bias

Positive limiter with negative bias

Positive limiter with poOsitive bias

Negative limiter with negative bias

3. Refer to figure 50-1, schematic diagram
c¢. Increasing the battery voltage of B2 to
8 volts would cause .

a. positive limiting to decrease.

b. positive limiting to increase.

pegative limiting to decrease.

negative Hmiting to increase.

4. In reference to figure 50-1, circuit b,
increasing the battery voltage to 6 volts
would cause limiting to (increase) (decrease).

CONFIRM YOUR ANSWERS ON THE

BACK PAGES.
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Figure 50-1. Diode Limiters




Figure 50-2. Transistor Limiter

D. Turn to Student Text, Volume VI, and
study paragraphs 7-40 through 7-45. Return
to this page and answer the following
statements/questions.

1. Refer to figure 50-2. In this circuit,
Umiting of the output signal would occur if

the collector voltage attempted to go above
volts positive.

2. Which of the circuits shown in figure
503 would provide the output signal gshown?

CONFIRM YOUR ANSWERS ON THE
BACK PAGES.

E. Turn to Laboratory Exercige 50-1. You
will perform various actions thatwill demon-
gtrate how lmiting i8 accomplished by
varicus diode connections. You wiil also see

how changes in bias will affect the degree of

limiting.

Return and continue with thisprogram when
the Laboratory Exercise hasbeen conpleted.

F. Turn to Student Text, Volume VI, and
study paragraphs 7-46 through 7-76. Return
to thiz page and answer the following
statements/questions.
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1. Given a list of circuit names (a through
), select the correct name for each of the
circuits illustrated in figure 50-4 (1 through
4), Enter your selection in the space to the
left of each schematic.

~20V

NPN saturation limiter
NPN cutoff limiter
NPN overdriven limiter
PNP saturation limiter
PNP cutoff limiter
PNP overdriven limiter

Fi.g'uré 50-4. Transistor Limiters
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Figure 50-5. Diode Clampers

2. Refer to schematic diagram number (1) of
figure $0-4. Increasing the forward bilas of
this eircuit would (increase) (decrease) cutoff
limiting and would (increase) (decrease)
saturation Umiting.

CONFIRM YOUR ANSWERS ON THE BACK
PAGES.

G. Turn to Student Text, Volume VI, and
study paragraphs 7-77 through 7-111. Return
to this page and angwer the following
statements/questions.

1. A positive clamper: without biag clamps
the (lower) (upper) extremity of the output
signal to 0 volts, and a negative clamper
without bias clamps the (lower) (upper)
extremity to 0 volts.

2. Mateh figure 50-5 schematic diagrams
of positive and negative clampers having the
same input signal with the. output signa.ls
labeled 1 and 2.

a.

3. Mateh figure 50-6 output waveshapes
(1 and 2} to the appropriate elamper eireuit.

a.

CONFIRM YOUR ANSWERS ON THE
BACK PAGES.

H. Turn to Student Text, Volume VI, and
gtudy paragraphs 7-112 through 7-132.
Return to thig page and angwer the fol-
lowing statements/questions.

1. A pogitive clamper with positive hiag

clamps the (lower) (upper) extremity of
the output wave to a (positive) (negative)
potential.

2. A (positive) (regative) clamper with
(positive) (negative) bias clamps the lower
extremity of the output stgnal top a negative
potential.
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Figure 50-6. Diode Clampers

3. A nepative clamper with negative 4. A (positive} (negative) clamper with

bias clamps the (lower) {upper) ex- (positive) (negative) bias clamps the

tremity of the output signal to a upper extremity of the output signal

(negative) (positive) potential. to a positive potential.
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5. Match the circuit diagrams in column A CONFIRM YOUR ANSWERS ON THE
with the signals they produce from column B BACK PAGES.
of figure 50-7. :

Column A Column B

1Y

ay =
el _tnv__L - -

=38 <4
Y+ [V JPp—

Figure 50-7. Biazed Clampers

AN
‘i{wig




I. Turn to Laboratory Exercise 50-2. This
project will allow you to prove theprinciples
of biased and unbiased clampers which You
have just learned,

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.

i

LABORATORY EXERCISE 50-1

OBJECTIVE: Given a trainer having a
limiter, schematic diagram, oscilloscope,
and multimeter, determine the effect on
limiting when bias is changed.

EQUIPMENT:
Limiters and Clampers Trainer {DD5925)

Oscilloscope

Multimeter

REFERENCE:

Student Text, Volume 6, paragraphs 7-1
through 7-39

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY AT ALL
TIMES. REMOVE WATCHES AND RINGS.

PROCEDURES:
1. Trainer Analysis

Limiter circuits are widely used ag signal
shaping and protection circuits in all types
of electronic applications. This trainer, by
changing the various switches'as directed,
can be used as a simple, practical method
of learning the operation ¢f most types of
diode limiters.

9

2. Equipment Preparation

a, Oasacilloscope

Controls Position
(1) Power ON
(2) MODE Alternate, or
chopped
{3) POLARITY Normal DC
(4) VOLTS/DIV 2 volts
(A&B) {calibrated)
(5) TIME/DIV 5 millisecond
{calibrated)
" (6) TRIGGER
SELECTOR Auto, Line +
{7) HORIZONTAL
POSITION Normai Sweep
(8) FoCcus & Clear
INTENSITY Presentation
() POSITION Adjust A sweep to
first line from top
of scope, and B
channel to first line
from Dbottom as
zerg references.
b, Trainer
Controls Position
(1) s1 1
(2) =2 LO
{3) 83 3
{4) 54 4
(5) S5 1
(6) s6 1
(7) 87 1
(8) s8 2
{9) 89 +

c, Interconnections
{1) Ground trainer to oscilloscope,
{2F Connect A Channel probe to TPIL,
(3) Connect B Channel probe to TPZ,

d. Plug trainer into 110 volts AC,
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2.0
1.5
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VOLTS - -10
=135
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OUTPUT
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Graph 1-1

3. Activity

a. Adjust the vertical positioning controls
s0 that the A Channel presentation is on the
upper hali of the oscilloscope face and the
B Channel presentation is on the lower half.

b. Adjust the FOCUS and INTENSITY
controls for a clear presentation on the
oscilloscope.

c. Adjust Rl (amplitude control) on the
trainer for a 4 volt peak to peak input
signal (TP1, A Channel).

d, Measure the amplitude of the input and
output signals and record your results.

Input Pk-Pk

Output Pk

2.0
15
vOLTS + 1.0

5
0

e. Draw one cycle of the input and output
signals on graph 1-1.

f. Underline the correct response to the
following statements.

(1) The trainer is arranged asa(series)
(shunt) (positive} (negative) limiter.

(2) The output signal is being developed
across (CR2) (R3).
g. Change 83 to position 2.

h. Draw one cycle of the input and output
signals on graph 1-2,

i. Underline the correct response to
the following statements.

(1) The trainer has now been changed to
a (series) (shunt} (positive) (negative) limiter.

(2) The output signal is being developed
across (CR1) (R3).

-3

=1.5

T2 T3 T4

OUTPUT
REP4-1503




2,04
15
voLTS + 1O

K]
0

-5
VOLTS - =10
=15
=20
TO

T3

T4 T L T3 T4

REP4-1503

T2
QUTPUT

Graph 1-3

j. Change S3 to position 4 and $4 to
position 2.

k. Draw one cycle of the input and output
signals on graph 1-3,

1. Underline the correct response to the
following statements,

(1) The trainer is now arranged as a
(series) (shunt) (positive) (negative) limiter.

(2) {(Positive) (Negative) (No) bias is
being applied to the diode.

(3) The output signal is now being de-
veloped across (R2) (CR4) {R3).

m. Change S4 to position 3,

n. Draw one cycle of the input and output
signals on graph 1-4.

2.0
15
vOoLTS + 10

0. Underline the correct response to
the following statements.

(1) The trainer circuit has been changed
to a (series) (shunt) {positive) (negative)
limiter with (pusitive) (negative) {no) bias.

(2) The output signal is being developed
across (R2) (CR3) (R3).
p. Change 35 to position 2,
q. Using the multimeter, measure the
voltage at TPS on the traiper and adjust

R5 (bias control} for +1 volt DC (disconnect
meter when finished).

r. Using the oscilloscope, measure the
input and output signal amplitude and record
the results.

Input

Qutput

L T2 T3 T4

ouUTPUT
REP4-1503
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Graph 1-5

s. Draw one cycle of the input and output
signals on graph 105,

t. Underline the correct response to the
following statements.

(1) The trainer has been changed to a
{series} (shunt) (positive) (negative) limiter
with (positive) (negative} (no) bias.

(2) In thig arrangement, the circuit ig
eliminating all of the (positive) (negative)
input alternation anda portion of the (positive)
(negative) alternation.

u. Change 89 to the - (negative) position.

v. Using the multimeter, measure the
voltage at TP6 and adjust RS (bias control)
for -1 volt DC ({(disconnect meter when
finished).

w. Draw one cycle of the input and output
signals on graph 1-8.

X. Underline the correct response to
the following statements.

2.0,

15

voLTS + 1.0
5

(1) The trainer circuit is now arranged
28 2a (series) (shunt) (positive} (negative}
limiter with (positive} (negative) {(no} bias.

{2) The degree of limiting is primarily
determined by polarity and amount of bias
connected to the diode. (True) (Fa.lse_)

y. While obsgerving the ocutput signal on
the oscillogcope, slowly vary the bias by
turning RS CW and CCW. Change S4 to
position 2, S9 to + (positive), and repeat
the bias variation.

2. Make a gtatement regarding your
observations during step y.

CONFIRM YOUR RESPONSES ON THE
BACK PAGES.

-3
VOLTS - -0
-15
0 1L T2 T3
INPUT

T4 70 T T2 T3 T4
OUTPUT
REP4-1503

Graph 1-6



RETURN TO THE RESOURCE FROM
WHICH YOU CAME AND CONTINUE
WITH THAT PROGRAM.

LABORATORY EXERCISE 50-2
OBJECTIVE: Glven a trainer having a
clamper, schematic diagram, oscilioscope,
and multimeter, determine the effect on the
voltage reference when the bilas 18 changed.
EQUIPMENT:

Limiters and Clampers Trainer (DD5925)

Oscllloscope

Multimeter

REFERENCE:

Student Text, Volume 6, paragraphs 7.77
through 7-131

PROCEDURES:
1. Trainer Analysis
By changing switch settings as directed,

this trainer provides a simple, practical
method for you to use in learning the opera-

tional theory ofunblased and blased clampers.

2. Equipment Preparation

a. Oscllloscope

Controls’ Positiﬂ

(1} Power ON

(2} MODE Alternate

(3) POLARITY Normal, DC

(4} vOoLTS/DIV 2, calibrated
. (change as
required)

1 millisecond,
calibrated

(5) TIME/DIV

(6) TRIGGER

SELECTOR Auto, Int, +

b. Trainer - _Position
(1) 81 2

(2) 82 Lo

(3) 83

(4) 84

(5) 85

(6) S6

(7) 87 2

(8) 88 2

(9) s9 - biag (left)

c. Plug the trainer into 110 volts AC.

3. Activity

NOTE: For this project, the oscilloscope
18 used for measuring DC voltages. There-
fore, it 18 recommended that you review
Lab Project 20.3, Module 20, before
continuing.

a. Eastablish 0 volts DC reference for
A Channel on first line from the top of
scope. Establish @ volts DC reference for
B Channel on second line from bottom of
scope.

b. Connect A Channel probe to TP1, B

Channel probe to TP3, and ground the oscil-
loscope to trainer at TPT.

¢. Adjust input signal amplitude for 4
volts peak to peak.

d. Measure and record input and output
glgnal ampiitudes.

Input __ Pk-Pk

Cutput Pk
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Graph 2~-1

e. Draw two cycles of the input and
output signzls on graph 2-1.

f. Underline the correct response to
the following statements.

{1} The trainer is arranged as a
(positive) (negative) clamper with {positive}
{negative)} (no} bias.

(2) On the positive alternation of the
input signal C3 (charged} (discharged)
through (R4} (CR6)}.

(3} On the negative alternation of the
input signal, C3

(a) completely discharged through
CR6.,

(b) completely discharged through R4.
{c) discharged slightly through R4,

" g. While observing the input and ocutput
gsignals, vary the amplitude of the input
gignal up and down, and underline the correct
response to the following gtatements.

(1) Both the negative and pogsitive peaks
of the input signal decreased toward zero as
the amplitude was decreased. (True) (False)

(2) The most positive point of the output
signal is {0} {+2} {+4} volts.

(3) As the input signal amplitude was
decreased, the output positive peak remained
at {0) {+2} (+4} volts and the negative peak
(remained stationary} (decreased toward
zero).

h. Readjust the input signal amplitude
to 4 volts peak to peak and change S6 to
position 2. Observe the output signal and
underline the correct response to the fol-
lowing statements.

{1) The output signal (is} {is not} now
distorted.

(2) The change in the output signal is
caused by a/an (increase) (decrease} in
circuit capacitance, causing a (faster)
(slower) discharge through (R4} (CR86}.

i. . Change S6 to position 4 and S7 to
position 3. Reestablish 0 reference for B
Channel on bottom line of oscilloscope face.

j. While observing the output signal,
vary the input signal amplitude up and down.
Reset the input amplitude to 4 volts peak to
peak, and draw two cycles of the output
signal on graph 2-2,
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Graph 2-2

k. Underline the
following statements.

correct response to the

(1) The eircuit
(positive) (negative)
(negative) {no) bias.

is now arranged as a
clamper with (positive)

{2) The signal is now clamped from
(-4) (0) (+4) volts in a (positive) (negative)
direction.

1. Change S8 to position 1. Uge the
voltmeter to adjust the voltage at TP6 to
-2 wvolts. Reestablish 0 volt reference for
B Channel on {first line..from bhottom of
oscilloseope face.

m, While observing the output signal, vary
the input signal amplitude up and down.

Reset the input amplitu&e to 4 volts peak to
peak and draw two cycles of the input and
output signals on graph 2-3.

n. Underline the correct response to
the following statements.

(1) The trainer i8 now arranged as a
(positive) (negative) clamper with (positive)
{negative) (no) bias.

(2) The (lower) {(upper) extremity of
the output signal is now clamped at (-2) (0)
{+2) volts.

0. Change 89 to + (positive) and use the
multimeter to adjust the voltage at TP6 to
+2 volts, Reestabligh 0 reference for B
Channel on the bottom line of the oscilloscope
face.

3
4

YOLTS +

]

T1 12 13 T4 1§
INPUT

-_h
T0 71 72 13 T4 T8
- OUTPUT

Graph 2.-3
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p. While observing the output signal,
vary the input signal amplitude up and down.
Reset the input amplitude to 4 volts peak to
peak and draw two cycles of the input and
output signals on graph 2-4,

q¢. Underline the correct regponse to the
statements below.

{1) The trainer is now arranged as a
{(positive} {negative) clamper with (positive)
{negative) {no) bias.

{2) The {upper) {lower) extremity of the

output signal is clamped at (-2) (0) (+2)
volts, ! '

r. Summary

{1) A positive clamper always clamps
the lower extremity of the output signal to a
positive voltage. {True) {False)

(2) A negative clamper clamps the upper
extremiiy of the output gignal to a level
determined by the bias applied to the diode.
(True) (False)

{3) In a clamper circult, using a
capacitor that is too small will cause the
output signal to be distorted. (True) (False)

{4) Both the upper andlower extremities
of the input to a clamper will vary as the
input amplitude is varied; however, only the
lower OR upper extremity of the output wiil
change. (True) (False)

CONFIRM YOUR ANSWERS ON THE BACK
PAGES.

CONSULT YOUR INSTRUCTOR FOR
PROGRESS CHECK.

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.
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Figure 50-8

MODULE SELF-CHECK

1. A series (negative) (positive) diode
limiter wiil have {one) {two) positive pulae(s)
across the cutput load for each cycle of
input signal.

2. The diode of a shunt positive limiter i8
connected in (series) (parallel) with the
load. During the period that a voltage is
developed across the load, the diode is
acting as (an open) (a closed) switch.

3. A sgeries diode limiter will have an
output developed when the input signal
(forward) {reverse)} biases the diode, and a
shunt limiter will have an output developed
when the input signal (forward) (reverse)
biages the diode.

4. Given the circuit diagram and input
signal shown in figure 50-8, draw the oufput
signal on the graph.

5. The schematic diagram in figure 50-9
is correctly identified a3 a (positive)
(negativ-) limiter with (positive) (negative)
bias.

6. The circuit in figure 50-9 i8 correctly

identified as a

7. Draw the output signal on the graph of

figure 50-9 for the input showm.

O—=AAN +

> 10V

5V
§RL ov

-3V

-0V,
T T 12 T3 T4

— REP4-1523

Figure 50-9
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INPUT SIGNAL VOLTAGE

D +Vee = +20V

Figure 50-10

8. Consldering the input and output signals
of the circult in figure 50-10, the circuit
would be correctly identified as a (NPN)
(PNP) {(cutotf) (saturation) limiter.

9. Increasing the forward bias in figure
50-10 would cause limiting to (increase)
{decrease).

10. When the input signal to a transistor
amplifier i8 of such an amplitude that the
transistor is alternately driven to cutoff and
saturation, the circuit becomes a/an

limiter.

11. Basically, the purpose of a clamper cir-
cuit is to

a. double the input gignal voltage.
b. double the input signal frequency.

¢, iix the upper or lower signal extremity
at a specified level.

d. change the waveshape of the input
gignal.

12. A positive clamper without bias will
clamp the (upper) (lower) extremity of the
cutput signal to (zero volts} {(a positive
value) {a negative value)},

13. The circuit in figure 50-11 is correctly
identified as a (negative) (positive) clamper
with (negative) {positive) bias.

14, With the aquare wave input shown in
figure 50-11, draw the circuit output signal
on the graph provided,

CONFIRM YOUR ANSWFdS ON THE
BACK PAGES.
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Figure 50-11 «




ANSWERS TO A:

1. a. waveshaping
N b. protection

2. negative, positive
‘ 3. series
4. reverse

5., forward

If you missed ANY questions, review the
material before you confinue.

ANSWERS TO B:

1. parallel

2. reverse

3. forward

I you missed ANY questions, review the
material before you continue.

ANSWERS TO C:
1. a. (1)
::..j \" b. (3)
c. (4)
: a. (2
e. (5)
2- N C
_._;: b. b
¢c. e
d. d
e. 1
¢
4. increase
H you missed ANY questions, review the
maferial before you continue.
ANSWERS TO D:
1. 12 volts
2. ¢

I you missed ANY questions, review the
material before you continue.

19

ANSWERS TO F:

1. (1) ¢
2) a
3 a
(4 b

2. decreage, increase

If you missed ANY questions, review the
material before you continue.

ANSWERS TO G

1. lower, upper

2. a. (1)
b, (2)
3, a. (2)
b, (1)

H you missed ANY questivns, review the
material before you continue.

ANSWERS TO H:

1. lower, positive
2. pogitive, negative
3. upper, negative

4, negative, positive

5 a, (4)
b. (3
c. (2}
a. (1)

If you missed ANY questions, review the
material before you ¢ontinue.
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ANSWERS TO LAB EXERCISE 50-1:

3. d. Input 4 volts peak to peak

Output 2 volts peak

2.
1.3
VOLTS + i

5
0
-5
VOLTS - -3

-1.5
- 2

TO Ti T2 3 T4 7T
INPUT

Gra;ph 1.1

f. (1) series, positive

(2) R3

h.

YOLTS + i

3
0

0 TI

T2
QUTPUT

T3 T4

REP4~1508

—
g

-3
YOLTS - - 1
-1.5
o A

To '8 T2 T3 T4 T
INPU

Graph 1-2

i. (1) series, negative

(2) R3

T2
QuUTPUT

o

T3

T4
REP4=1509
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VOLTS + 1
0 ~+ + — } i +
! -5
VOLTS - = 1
-1
- -:‘ NS
TO T T2 T3 T4 TO T T2 ™ T4
INPUT OUTPUT
REP4-1510
Graph 1-3
1. (1) shunt, posttive
(2) no
(3) CR4
n.
?
1.9
VOLTS + 1
5
0 : l ' i . t :
-5
voLTS - - 1|
-1.9
- ‘2 -
TO ' T2 3 T4 10 Ti T2 T3 T4
INPUT oUTPUT .
REP4=-1511
Graph 1-4 '

0. (1) shunt, negative, no

(2) CR3

r. Input 4 volts peak to peak

Ouipat 1 volt peak




Ta T4 TO T T3 T4

REP4=1512
Graph 1-§

-

t. (1) shunt, negative, positive

{2) negative, positive

2
1.5
1
S

]
W o n o

|
3]
3

T T4

T2
OQUTPUT
REP4-1513

Graph 1-6

x. (1) shunt, negative, positive If your response to ANY of the statements
is wrong or if ANY of your measurements
are more than 10 percent different, go back

(2) True and repeat that portion of the project. If
necessary, review the referenced text
material for clarification. Your instructor

: will 3ssist if needed.

z. The degree {amount) of limiting is

primarily determined by the amplitude and

polarity of voltage appled to the diode.

Limiting will increase and decrease as bias

is varied.




ANSWERS TO LAB EXERCISE 50-2:
3. d. Input 4 voits peak to peak

Output 4 volts peak

TO TV T2 T3 T4 TS TO T 72 T3 T4 TS
INPUT OUTPUT

Graph 2-1

(1) negative, no
(2) charged, CR6
(3) C discharge slightly thru R4

(1) True
(2) 0 voits
(3) 0, decreased toward zero

(1) is
(2) decrease, faster, R4

TO T T2 T3 T4 TS TO T1 T2 T3 T4 TS
INPUT OUTPUT :

Graph 2-2

23
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(1) positive, po

{2) 0, positive

[=1=¥.

a
1]

YOLTS +

e R R o e L

L
bobhbd

-2.9
-3

YOL.TS —-4.0
-5

-5.0

-73

-8 4

TO T1 72 T3 T4 15 To T T2 13 14 15

INPUT QUTPUT

Graph 2-3

n. (1) positive, negative

{2) lower, -2

-20

-30|
YOLTS —-40
~5.0

2

~800

T T T2 T3 T4 TS5 70T T2 T3 T4 15

INPUT QUTPUT

Graph 2-4

(1) positive, positive If your response to ANY of the statements
is wrong, or if ANY of your measurements
(2) 1ower, +2 are more than 10 percent different, go back
and repeat that portion of the project. If
(1) Faize neceasary, review the referenced text for
clarification, Your instructor will assist if
(2) True needed. .

(3) True

(4) True




ANSWERS TO MODULE SELF-CHECK:

1. negative, one
2. parallel, an open

3. forward, reverse

4 10V
1
ov

Y -5V

st oy
T TV T2 T3 T4
REP{4-1525

5. positive, negative

6. double zener diode lmiter

7.

e 1ov
. sV
i
oy
N
A -5V
TErirei 10V
TO 7T T2 T3 T4
REP4-1526

25

8. NPN, cutoff

8. decrease

10. overdriven

11. ¢

12. lower, zero volts
13. negative, negative

14‘
sov

25V

= T oY

I )
| |
L

|

1

=25V

-50v

12 T3 T4 75
REP4~1527

T

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? 1IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESQURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOy HAVE, CONSULT YOUR IN-
STRUCTOR FOR FURTHER GUIDANCE.




